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Page  2. 

From  the  Organizing  Committee. 

The  third  All-Union  symposium  on  the  wave  diffraction  is  called 
according  to  the  plan/layout  of  the  actions  of  the  Academy  of 
Sciences  of  the  USSR  (Sections  of  the  diffraction  of  electromagnetic, 
acoustic  and  other  waves  of  Council  for  the  acoustics  of  the  AS  USSR) 
for  the  coordination  of  scientific  research  in  the  region  of  the 
theory  of  diffraction. 

Symposium  was  conducted  in  Tbilisi  from  24  to  30  September,  1964 
by  the  Section  of  diffraction  and  by  State  Committee  for  radio 
electronics  together  with  the  Academy  of  Sciences  of  Georgian  SSR, 
with  the  participation  of  Acoixstic  institute,  Tbilisi  State 
university  and  Georgian  polytechnic  institute. 

The  organization  committee  of  symposium  included:  V.  D.  Kupradze 
(chairman),  G.  D.  Malyuzhinets  (representative  of  GKRE,  deputy 
chairman),  D.  Z.  Avazashvili,  V.  A.  Borovikov,  L.  A.  Vaynshteyn,  S. 

S.  Voyt,  G.  V.  Glenkin,  N.  A.  Kuz'min,  G.  I.  Makarov,  V.  A. 

Marchenko,  M.  A.  Miller,  6.  I.  Petrashen'  and  Yu.  A.  Ukhanov  (the 
scientific  secretary  of  organization  committee  and  the  sections  of 
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wave  diffraction). 

Into  the  present  collection  entered  all  in  proper  time  sent  by 
the  authors  abstracts  of  the  reports,  accepted  for  listening  by  the 
symposixuR.  The  part  of  these  reports  in  the  program  of  symposium  is 
united  into  the  reviews.  Abstracts  in  the  collector/ collect ion  are 
united  into  three  sections: 

I.  Development  of  the  methods  of  solving  the  diffraction 
problems,  connected  with  the  linear  partial  differential  equations. 

II.  Specific  problems  of  the  theory  of  diffraction. 

III.  Use/application  of  theory  of  diffraction  and  adjacent 
questions  (in  particular,  some  wave  problems,  connected  with  the 
statistics  and  the  nonlinearity,  and  also  with  the  use  of 
geometric-optical  methods). 

Of  these  sections  the  first,  as  the  largest/coarsest  in  turn,  is 
decomposed  into  fifteen  subsections. 


Pages  3-10.  (Mo  typing) 
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Page  11. 

PREFACE. 

The  use  of  laws  governing  the  diffraction,  i.e.,  the  behavior  of 
waves  in  the  conditions,  complicated  by  natural  or  technical  facts, 
is  basis  all  of  the  expanding  practical  uses/applications  of  wave 
processes  in  different  branches  of  science  and  engineering,  in 
particular  in  radio  engineering,  acoustics,  seismic  surveying, 
hydrodynamics,  etc. 

The  contemporary  technical  developments,  connected  with 
radiation,  propagation,  reflection  and  reception/procedure  of  waves, 
cannot  be  efficient  without  conducting  of  the  diffraction 
calculations,  which  lead  to  ever  more  complicated  mathematical 
problems  also  of  the  needing  development  new  mathematical  methods. 

As  a  result  of  these  necessities  of  development  of  wave 
technology  in  the  latter/last  10-15  years  the  development  of  the 
theory  of  diffraction  both  for  the  USSR  and  abroad  was  very 
intensified,  about  which  testify  thousands  of  scientific  works, 
published  on  questions  of  diffraction. 
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Rapidly  is  changed  very  character  of  this  development.  Ever 
greater  role  is  assigned  to  mathematical  methods  and  relatively 
smaller  -  physical  intuition.  Occurs  a  break  with  more  than 
one-hundred  year's  tradition,  which  related  the  theory  of  diffraction 
in  essence  to  the  field  of  physical  sciences  and  establishing  when 
the  separate  results,  obtained  strictly  mathematically,  appeared  to 
be  museum  rarities  not  affecting  the  matter.  Now,  when  yearly  are 
published  the  solutions  or  the  research  of  the  solutions  of  such 
problems  which  for  many  years  seemed  insurmountably  difficult  for  the 
mathematical  examination,  the  theory  of  diffraction  on  the  eyes  is 
converted  from  the  branch  of  physics  into  the  section  of  applied 
mathematics,  connected  with  physics  with  its  applications/appendices 
section,  mathematical  content  of  which  is  the  development  of  the 
efficient  analytical  and  computational  methods  of  solving  different 
types  of  problems  for  the  steady-state  (elliptic)  and  unsteady  wave 
equations. 

This  rearrangement  of  the  developing  theory  of  diffraction  is 
complicated  by  the  effect  of  the  tradition  mentioned  above,  and  also 
by  the  fact  that  at  present  is  not  yet  solved  the  problem  of  VUZ 
preparation  and  distribution  of  specialists  in  the  theory  of  wave 
diffraction.  Under  these  conditions  the  especially  important 
coordinating  role  play  those  called  of  times  in  two  years  according 
to  the  plan  of  the  Academy  of  Sciences  the  symposia  on  the  wave 
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diffraction  (1960,  1962,  1964),  which  preceded  two  conferences  of  the 
united  sections  of  the  diffraction  of  acoustic,  electromagnetic, 
elastic  and  hydrodynamic  waves  at  the  All-Union  acoustic  conferences 
(1957,  1958). 

Experiment  of  conducting  conferences  and  symposia  on  the  wave 
diffraction  1957-1962  shows  their  stimulating  effect  on  the 
development  of  the  theory  of  diffraction.  Participation  in  the 
symposia  of  a  considerable  quantity  of  representatives  of  the  wave 
branches  of  technology  contributes  to  the  introduction  of  the  more 
advanced  methods  of  diffraction  calculations  and  thereby  it  raises 
the  efficiency  of  resolving  the  complex  problems  of  wave  technology. 

Page  12. 

At  the  seune  time  is  discovered,  on  one  hand,  the  mathematical 
qualification  of  the  physicists  and  engineers  increasing  from  the 
symposium  to  the  symposiiun,  is  occupied  by  diffraction  calculations 
for  the  technical  developnents,  and,  on  the  other  hand,  the 
increasing  interest  in  the  diffraction  problems  on  the  part  of  the 
mathematicians  and  their  fruitful  participation  in  the  development, 
these  tas)cs.  To  the  enlistment  of  the  mathematicians  contributes  the 
fact  that,  in  contrast  to  the  specialized  conferences  on  one  or  the 
other  branch  of  wave  technology,  on  the  symposia  on  the  wave 
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diffraction  the  sufficient  accent  is  placed  on  the  systematic,  in 
particular  the  mathematical,  side  of  the  discussed  works. 

The  present  collection  of  abstracts  shows  that  the  third 
symposium  on  the  wave  diffraction  is  further  space,  which  draws 
together  the  theory  of  diffraction  with  mathematics  and  which 
demonstrates  the  power  of  mathematical  methods  (among  which  are  for 
the  first  time  proposed  or  substantially  developed)  for  the  solution 
of  new  diffraction  problems. 

In  spite  of  the  squishiness  of  presentation  in  some  abstracts, 
collector/collection  is  of  interest  not  only  for  participants  in  the 
symposium,  but  also  for  other  readers,  who  desire  to  be  acquainted 
with  the  contemporary  development  of  the  theory  of  diffraction  in 
statu  nascendi,  or  to  obtain  representation  about  the  diversity  of 
mathematical  methods  utilized  in  this  theory. 

Section  of  the  diffraction  of  electromagnetic,  acoustic  and  other 
waves.  Council  on  Acoustics  of  the  AS  USSR. 
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I.  DEVELOPMENT  OF  METHODS  OF  SOLVING  DIFFRACTION  PROBLEMS  CONNECTED 
WITH  LINEAR  PARTIAL  DIFFERENTIAL  EQUATIONS. 
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Page  13. 


1.  PHYSICAL  SETTINGS  AND  THE  MATHEMATICAL  FORMULATIONS  OF  PROBLEMS. 
QUESTIONS  OF  UNIQUENESS  AND  EXISTENCE. 


SOME  QUESTIONS  OF  THE  RADIOWAVE  PROPAGATION  OF  THE  SDV  RANGE. 

E.  M.  Gyxinninen,  G.  I.  Makarov,  V.  V.  Novikov. 

In  recent  years  considerable  attention  is  given  to  questions  of 
the  propagation  of  the  electromagnetic  waves  of  low  frequency  in  the 
waveguide  channel  the  Earth  -  ionosphere.  In  the  present  report  is 
given  the  survey/coverage  of  the  basic  tasks,  which  appear  during  the 
study  of  this  problem,  and  the  results,  obtained  in  recent  years  by 
different  authors.  At  the  same  time  ve  will  give  some  results  of 
studies  and  numerical  calculations  of  electromagnetic  field,  carried 
out  in  the  department  of  radiophysics  of  LGU. 

It  is  interesting,  in  the  first  place,  to  note  two  different 
mathematical  approaches  to  the  construction  of  the  solution  of  the 
problem  in  question.  The  equations  of  Maxwell  in  the  case  of  the 
isotropic  ionosphere  and  point  vertical  source  (electrical  or 
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magnetic)  are  reduced  with  the  harmonic  dependence  on  the  time  to  the 
two-dimensional  equation  of  Helmholtz  for  the  potentials,  which  by 
the  method  of  separation  of  variable/alternating  is  reduced  to  two 
ordinary  differential  equations  for  the  radial  and  azimuth  functions. 
For  further  construction  of  the  solution  it  is  possible  to  use  either 
its  own  azimuth  functions  or  its  own  radial  functions.  In  the  first 
case  we  come  to  the  decision  in  the  form  of  the  series/row  of  ^onal 
harmonics  (series/row  of  Debye) ,  in  the  second  case  -  to  the 
series/row  of  normal  waves.  Series/row  on  the  normal  waves  can  be 
obtained  also  from  the  series/row  of  Debye  with  the  help  of  the 
conversion  of  Watson. 

The  ionosphere  is  inhomogeneous  medium;  however,  to  construct 
the  general  analytical  solution  of  task  with  the  heterogeneous 
ionosphere  is  impossible.  Therefore  in  the  majority  of  works  is  used 
during  the  construction  of  decision  the  model  of  the  ionosphere  in 
the  form  of  homogeneous  medium  with  the  sharp  lower  spherical 
boundary,  in  some  works  is  used  the  more  composite  model  of  the 
ionosphere  in  the  form  of  the  medium,  which  consists  of  the  spherical 
concentric  layers  with  constant  properties. 


During  the  calculation  of  the  field  of  the  electromagnetic 
waves,  which  extend  in  the  waveguide  channel,  it  is  possible  to  go 
three  variously.  The  first  path  is  based  on  the  use  of  a  series/row 
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of  Debye  (Joler).  However,  the  direct  addition  of  the  series/row  of 
Debye  is  hindered/hampered  by  his  poor  convergence;  therefore  is  used 
the  method  of  an  improvement  in  the  convergence,  which  consists  in 
the  fact  that  from  each  term  of  series/row  they  subtract  its 
asymptotic  representation  at  the  high  frequencies.  The  series/row  of 
Debye  proves  to  be  possible  to  use  for  the  calculations  of  field  at 
the  low  frequencies  (to  50  kHz),  with  exception  of  the  regions  of  the 
high  fading  of  field. 

The  alternate  path  consists  in  the  use  of  a  series/row  on  the 
normal  waves  (P.  Ye.  Krasnushkin) . 

Page  14. 

In  this  case  it  is  necessary  to  find  eigenvalues  of  differential 
equation  for  the  radial  functions,  which  are  zero  complicated 
transcendental  equation.  The  solution  of  this  transcendental  equation 
presents  basic  and  actually  only  difficulty  during  the  calculation  of 
field.  The  analysis  of  convergence  of  series  on  the  normal  waves 
shows  that  it  is  expedient  to  use  at  large  distances  from  the 
source  (order  1000  km  and  further). 

Finally,  the  third  possible  path,  convenient  with  the  small 
distances  from  the  source,  lies  in  the  fact  that  to  represent  the 
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solution  as  expansion  whose  each  member  is  represented  by  series/row 
or  integral,  which  makes  sense  repeatedly  of  the  reflected  from  the 
ionosphere  and  earth's  surface  of  wave.  Depending  on  the  mutual 
location  of  source  and  observation  point  one  or  another  term  of 
expansion  can  make  sense  of  "straight/direct"  or  "diffraction" 
ray/beam. 

In  the  case  of  "straight/direct"  rays/beams  the  solution  is 
represented  in  the  form  of  reflecting  formulas  (corresponding 
integrals  are  computed  by  the  steepest  descent  method).  However,  in 
the  case  of  "diffraction"  rays/beams  the  ntimerical  possible 
integration  of  integrals  for  the  ducts/contours,  close  to  the 
ducts/contours  of  the  fastest  descent.  Calculation  on  the  deductions 
in  this  latter/last  case  is  hindered/hampered  in  connection  with  an 
increase  in  the  multiplicity  of  poles  with  an  increase  in  the  number 
of  reflections.  This  path  possesses  the  advantage  that  it  makes  it 
possible  simply  to  take  into  account  the  heterogeneity  of  the 
ionosphere  on  the  height/altitude,  and  also  the  effect  of  the 
magnetic  field  of  the  Earth. 

In  the  report  are  given  the  results  of  research  and  numerical 
calculations  of  the  eigenvalues  of  waveguide  task  and  structure  of 
electromagnetic  field.  Are  given  also  the  results  of  the  calculations 
of  reflection  coefficients  from  the  heterogeneous  isotropic  and 
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anisotropic  ionosphere  at  different  angles  of  incidence  over  a  vide 
range  of  the  frequencies  which  are  used  during  the  determination  of 
field  with  the  use  of  resolution  in  terms  of  the  "rays/beams" .  In  the 
latter  case  is  conducted  the  evaluation  of  the  effect  of  the  magnetic 


field  of  the  Earth. 
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DIFFRACTION  OF  LONG  WAVES  IN  THE  OCEAN. 

P.  S.  Lineykin. 

We  examine  the  effect  of  solid  walls  on  the  propagation  of  the 
long  waves  in  the  uniform  ocean  of  constant  depth  on  the  revolving 
Earth.  Research  is  produced  on  the  basis  of  the  model  of  the 
so-called  /3-  plane  where  a  change  in  Coriolis's  parameters  along  the 
meridian  is  approximated  by  linear  function.  Is  found  out  the 
distribution  of  speeds  and  the  increase  of  the  level  of  the  floating 
surface  of  ocean. 


f 
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PROBLEMS  OP  THE  DIFFRACTION  AND  PROPAGATION  OF  ELECTRCmGNETIC  WAVES 
IN  A  PLASMA. 

N.  A.  Kuz'min. 

The  flow  of  works  on  the  theory  of  waves  in  the  plasma  is 
extremely  great,  and  to  do  the  comprehensive  survey/ coverage  in  one 
report  is  very  difficult;  therefore  we  previously  reject  the  complete 
illiimination  of  entire  material  on  this  question,  and  we  will  be 
bounded  to  the  task  of  the  familiarization  of  the  specialists  in  the 
theory  of  wave  diffraction  only  with  the  basic  results  of  the  theory 
of  electromagnetic  waves  in  the  plasma  and  with  some  questions  in 
examination  of  which  we  took  personal  part.  As  a  whole  the  material 
of  report  will  make  it  possible  to  obtain  representation  about  the 
character  of  differential  equations,  about  the  types  of  boundary 
conditions,  by  which  they  must  satisfy  waves  in  the  plasma,  and  also 
about  the  degree  of  approximation  of  theory  during  the  study  of  the 
effects,  which  are  of  interest  for  radio  engineering.  Sometimes  will 
be  reported  the  concrete/specific/actual  results  of  theory. 


Page  15 
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Sufficiently  complete  material  according  to  the  theory  of 
electromagnetic  waves  in  the  plasma  and  on  general/common/ total 
questions  of  the  electrodynamics  of  plasma  with  the  detailed 
bibliography  is  in  the  monographs  of  V.  L.  Ginsburg,  V.  P.  Silin  and 
A.  A.  RuAhadze,  V.  D.  Shafranova,  also,  in  the  collectors/collections 
"Questions  of  the  theory  of  plasma"  edited  by  M.  A.  Leontovich, 
published  in  the  USSR,  and  in  the  monographs  of  L.  Spitzer,  T.  Rh. 
Stiks,  V.  Alis,  Ridbek,  D.  Denisse  and  D.  Delcroix,  etc.,  published 
outside  the  boundary. 

During  the  study  of  the  effects  of  propagation  and  diffraction 
of  electromagnetic  waves  in  the  plasma  for  purposes  of  radio 
engineering  in  the  majority  of  the  cases  it  suffices  to  proceed  from 
the  results  of  the  phenomenological  theory  according  to  which  can  be 
introduced  the  tensor  of  the  dielectric  constant  of  medium  (plasma) 
from  the  equation  of  motion  of  electron  without  taking  into  account 
their  thermal  agitation.  This  approach  makes  it  possible  in  many 
instances  to  obtain  the  results,  which  are  coordinated  with  the 
experimental  data,  and  at  the  same  time  making  it  possible  to  analyze 
in  the  final  formulas  the  interesting  physical  corollaries  of  theory. 
A  strict  formulation  of  the  problem  with  the  self-consistent 
equations  of  Maxwell  and  the  kinetic  theory  in  many  practical 
important  cases  proves  to  be  unsolvable  in  the  explicit  analytical 
form.  In  connection  with  this  it  is  important  for  those  cases  when 
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there  are  solutions  for  the  self -consistent  system  of  equations,  to 
come  to  light/detect/expose  the  limits  of  the  applicability  of  the 
phenomenological  theory  of  "average/mean  electron”.  All  these 
questions  will  be  presented  in  the  report,  and  also  adjoining  them: 
the  account  of  spatial  dispersion,  the  effect  of  the  temperature  in 
the  "cold”  plasma,  absorption  by  Landau,  high-frequency  energy  losses 
in  the  plasma  as  a  result  of  the  internal  collisions  of  the  particles 
of  different  type,  etc. 

In  the  report  will  be  given  some  results  according  to  the  theory 
of  the  propagation  of  waves  in  the  plasma,  placed  into  the  waveguide 
with  the  conducting  walls.  For  the  waveguide  tasks  with  gyrotropic 
plasma  in  the  magnetostatic  field,  directed  along  the  axis  of 
waveguide,  it  succeeds  the  boundary- value  problem  about  eigenvalues 
of  leading  to  the  variational  problem  of  stationary  functional  for 
special  potentials.  High-frequency  energy  losses  in  the  plasma-type 
waveguide,  as  it  will  be  shown,  are  caused  by  a  number  of  factors: 
first,  by  the  internal  collisions  of  particles  in  the  waveguide 
volume  of  space,  in  the  second  place,  by  the  effects  of  the  collision 
of  particles  near  the  wall  with  the  wall  of  waveguide  (theoretical 
result  of  B.  T.  Kormilitsyn)  and,  thirdly,  the  heat  losses  in  the 
walls  of  waveguide. 


In  a  number  of  cases  of  task  the  diffractions  of  electromagnetic 
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waves  on  the  surfaces  with  the  laminar  gyrotropic  plasma  can  be 
strictly  solved  by  Wiener-Hopf-Foch's  method,  if  for  the  boundary 
conditions  of  the  task  of  using  generalized  impedance  boundary 
conditions  for  the  tensor  media.  In  the  report  will  be  given  the 
boundary  conditions  indicated  for  the  anisotropic  laminar  media. 

From  the  diffraction  tasks  will  be  briefly  reported  the  results 
on  the  wave  dissipation  during  the  simplest  plasma 
format ion/ educations  (sphere,  cylinder). 
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THE  TENSOR  OF  THE  EFFICIENT  DIELECTRIC  CC»(STANT  OF  HETEROGENEOUS 
MAGNETICALLY  ACTIVE  PLASMA. 

Yu.  A.  Ryzhov,  V.  V.  Tamoykin. 

It  is  lcno%m  that  for  describing  the  middle  field  in  the  randomly 
inhomogeneous  mediiim  it  is  convenient  to  an  efficient  dielectric 
constant.  In  the  series/row  of  works  this  value  was  calculated  for 
the  isotropic  weakly  inhomogeneous  mediiim.  Is  of  interest  obtaining 
formulas  for  the  efficient  dielectric  constant  of  heterogeneous 
magnetically  active  plasma. 

Page  16. 

Calculation  is  conducted  on  the  assumption  that  the  fluctuations 
of  electronic  concentration  are  assigned.  Is  examined  the  uniform 
probability  field  of  the  fluctuations  of  electron  density. 

The  tensor  of  the  efficient  dielectric  constant  of  magnetically 
active  inhomogeneous  plasma  is  determined  with  the  help  of  the 
relat ionsh ip/rat io 

=  tli  . 


(1) 
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where  <Di),  -  average/mean  values  of  electrical  induction  and 

field  in  the  inholnogeneo^ls  medium,  e";  -  average/mean  value  of  the 
tensor  of  dielectric  constant  of  magnetically  active  plasma,  Acij  - 
the  fluctuation  tensor  of  dielectric  constant,  <?i  -  fluctuation 
field  in  the  plasma.  Fluctuation  field  is  described  with  the  help 
of  the  equation 

-i-  <£j>.  (2) 

which  is  correct  in  the  slightly  inhomogeneous  plasma. 

It  is  easy  to  obtain  following  connection/communication  of 
vectors  <D>  and  <E>; 

.  *1!  f 

\Z)i>  =--  tij  <£j)  +  (t)  Attp  (r,)> 

<£p  (r,))  /o  (r,  r,)  dr,; 

,  ,  ^  If  „  d  _ 

■**  ~  J  (k)  ^ 

From  this  expression  there  can  be  obtained  general/common/total 
expression  for  tensor  k).  in  view  of  the  complexity  of 

general/common/total  expression  we  were  bounded  to  the  case  when  it 
is  possible  to  disregard  the  phenomenon  of  spatial  dispersion,  caused 
by  the  heterogeneities  of  medium.  This  case  is  valid  with 

(3) 

where  1  -  radiiis  of  the  correlation  of  fluctuations  AN;  k,,  k,  -  the 
wave  numbers  of  unusual  and  ordinary  waves. 
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In  this  case  operator  (m)  is  degenerated  into  tensor 
*1?  («)  =  (•)»  where 

*  SIS^***®**^  ~  ~  ”  t')^am^0n/ *  (f  — r,)<iri. 

Further  calculation  leads  to  the  following  expression  for 

«i?  («): 


Isa*  _ ig^  0  I 

ig»*  0  I 

0  0  tja^l 


where 

=»  e  +  (*,/)*  +  iCi  (V)»  +  iC[  (kj)*, 

If*  xf  +  At  +  B,  (V)*  +  iC,  (k^)»  +  iC't  (*,!)»,  (4> 

g  + At +  Bt  (V)*  +  iC,  (Aw/)*  +  jC,  (V)*. 

Here  coefficients  A^,  Aj,  A,,  which  do  not  depend  on  (k,l),  are 
polar izational  niimbers.  Coefficients  C.,  C,,  Ca  (C'a,  C't,  C’,) 
describe  fading  middle  field  due  to  the  scattering  into  the  unusual 
(ordinary)  wave. 


Page  17. 

All  coefficients  in  (4)  are  represented  in  the  form  of  simple 
integrals  on  the  angle  9  of  the  expressions,  which  contain  the 
refractive  indices  of  ordinary  and  extraordinary  waves.  Is 
investigated  a  special  case  of  weak  gyrotropy. 
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IMPEDANCE  BOUNDARY  CONDITIONS  ON  THE  SURFACE  OF  A  PLASMA  WITH  SHARPLY 
VARYING  PARAMETERS. 


Yu.  I.  Orlov,  V.  A.  Permyakov,  Ye.  N.  Vasil *yev. 


Are  obtained  the  approximate  boundary  conditions  on  the  surface 
of  the  plasma  whose  dielectric  constant  sharply  varies  along  the 
normal  to  the  interface.  During  the  conclusion  of  boundary  conditions 
was  examined  the  task  about  oblique  incidence  in  plane 
electromagnetic  wave  on  plane  interface  with  the  inhomogeneous 
plasma.  It  was  assumed  that  the  electronic  concentration  varies 
linearly  along  the  normal  to  the  interface  and  collision  frequency 
does  not  depend  on  coordinates.  Are  examined  the  cases  of  TE  and  TM 
polarization.  In  both  cases  boundary  conditions  are  obtained  by  the 
resolution  of  the  corresponding  solutions  of  wave  equation  in  the 
series/row  according  to  the  degrees  of  l/a  (a  -  the  gradient  of 
dielectric  constant  -  the  high  parameter  of  the  problem).  If  we  are 
bounded  to  the  first  term  of  expansion,  then  the  obtained  impedance 


will  not  depend  on  the  angle  of  incidence  in  the  plane  wave: 

^-‘V^-rnMnA^V-  <') 

In  formula  (1)  e„  |i,  -  the  parameters  of  free  space.  The 


account  of  the  following  terms  of  expansion  gives  the  dependence  of 
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impedance  on  the  angle  of  incidence.  For  both  polarizations  are 
obtained  the  estimations  of  the  applicability  of  boundary  conditions 
(1).  It  is  physically  clear  that  the  boundary  conditions  can  be 
generalized  in  the  cases  of  nonplanar  waves  and  interfaces  with  a 


small  curvature. 
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SOME  QUESTIONS  OF  QUASI -OPTICS. 

B.  Z.  Katsenelenbaum. 

1.  Appearance  of  open  resonators  and  open  (lens  and  mirror) 
transmission  lines  generated  interest  in  special  case  of  propagation 
of  waves,  with  which  field  forms  thin  long  beam.  The  transverse 
size/dimension  of  beam  a  is  great  in  comparison  with  the  wavelength 
2ir/k,  so  that  the  correctly  normal  condition  for  the  applicability  of 
the  geometric  optic/optics  ka»l,  but,  furthermore,  the  length  of 
beam  L  is  great  in  comparison  with  a,  L/a»l,  and  the  relation  of 
these  two  high  parameters  of  the  task 


is,  generally  speaking,  a  finite  nvimber.  At  a  great  distance 
diffraction  phenomena  play  very  large  role,  and  mathematical  analysis 
leads  to  the  peculiar  asymptotic  tasks  of  the  theory  of  diffraction. 
The  analog  of  these  tasks  is  the  Debye  theory  of  the  focal  spot  of 
lens.  With  final  C  the  discussion  deals  with  Fresnel  diffraction  on 
the  large  bodies. 

The  basic  element  of  resonator  or  line  -  bent  mirror,  the 
combination  of  several  mirrors,  lens  -  are  phase  corrector. 
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Page  18. 

Its  role  lies  in  the  fact  that  by  introduction  into  the  beam  of  the 
phase  difference,  different  at  different  points  of  section,  to 
convert  divergent  beam  into  that  converging.  The  existing  theories 
make  it  p>ossible  to  compute  the  structure  of  the  fields  of  natural 
oscillations  (their  own  waves)  and  radiation  losses  with  different 
phase-correcting  elements/cells  (see  survey  in  UFN,  83,  No  1,  81-105, 
May  1964) . 

2.  Development  occurs  in  several  directions.  Thoroughly  are 
investigated  different  phase  correctors  (periscopic  mirror  systems, 
composite  lenses).  Is  made  more  precise  the  theory  of  correctors 
themselves;  they  are  calculated  at  present  in  the  simplest 
geometric-optical  approximation/approach,  and  diffraction  on  the  edge 
of  mirror  or  lens  is  considered  very  approximately.  In  this 
connection  are  done  the  attempts  to  develop  the  asymptotic  theory  of 
diffraction  on  the  final  (large)  dielectric  body  and  the  mirror.  Are 
computed  losses  during  the  transformation  of  some  transmission  modes 
into  others,  caused  by  divergence  in  position  or  form  of  phase 
correctors,  and  are  established/ installed  allowances  for  the 
manufacturing  precision.  Is  done  the  attempt  to  create  the  efficient 
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theory  of  exciters  for  the  open  lines.  Are  developed  the  antenna 
aspects  of  theory. 

3.  Most  complicated  and  unclear  at  present  question  consists  of 
creation  of  mathematical  apparatus  which  would  make  it  possible  to 
use  methods  of  geometric  optic/optics.  With  large  C  the  fields  even 
far  from  the  correctors  actually/really  can  be  described  in  the  terms 
of  ray  theory,  moreover  essential  is  the  concept  of  the  caustic 
surface,  which  limits  the  pencil  of  rays.  But  with  finite  C,  namely 
finite  CU~w2»  are  of  greatest  interest  for  the  millimeter  waves, 
straight/direct  use/application  of  ray  theory  for  describing  entire 
field  is  impossible.  However,  it  can  seem  that  its  small  modification 
will  make  it  possible  to  create  the  apparatus,  with  which  the 
calculation  of  the  most  essential  parameters  will  not  require  each 
time  of  the  solution  of  complicated  diffraction  problems.  If  this 
succeeded,  then  it  would  be  possible  to  rapidly  and  efficiently 
create  the  sufficiently  complete  theory  of  quasi-optical 
devices/equipment. 

4.  Analogous  situation  was  created  in  another  group  of 
quasi-optical  tasks,  which  appear  during  the  study  of  laws  of 
propagation  of  waves  in  very  wide  waveguides.  Usual  waveguide  methods 
are  unacceptable  with  a  large  number  of  extending  waves,  and  the 
character  of  the  devices/equipment  -  mirrors  used,  the  prisms  - 
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prompts  the  need  for  applying  the  geometric-optical  calculation 
methods.  However,  are  usually  of  interest  of  loss  to  the 
transformation  into  the  parasitic  transmission  modes,  i.e.,  the 
values,  not  considered  by  ray  theory  and  which  carry  diffraction 
character.  Basic  task  is  here  the  creation  of  sufficiently  simple  and 
common  mathematical  apparatus;  however,  in  this  direction  there  are 
only  several  preliminary  considerations. 
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EXCITATION  OF  OPEN  RESONATORS. 

L.  A.  Veynshteyn. 

At  present  are  in  sufficient  detail  investigated  (with  the  help 
of  the  asymptotic  methods  of  the  theory  of  diffraction)  the  free 
oscillations/vibrations  of  the  open  resonators,  in  particular  the 
resonators,  formed  by  the  well  reflecting  mirrors  which  are 
arranged/located  against  each  other  in  the  free  space  (flat/plane 
mirrors,  spherical  mirrors,  etc.).  Here  it  is  possible  to  obtain  (for 
the  series/row  of  concrete/specific/actual  systems)  the  simple 
approximations  for  the  eigenfunctions  of  free 

oscillations/vibrations,  at  least  for  those  from  them,  which  have 
small  radiation  losses. 

Page  19. 

These  eigenfunctions  in  the  simplest  case  satisfy  the  scalar 
wave  equation 

=  0  (1) 

in  entire  space,  with  exception  of  the  volume  of  the  mirrors,  limited 
by  surface  of  S,  to  the  boundary  condition 


=  0  for  S 


(2) 
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and  to  radiation  condition  at  infinity 

ar,« 

with  R-*(x.  (3) 

Complex  functions  determine  real  wave  field 

Re(a)^''"''),  =  Due  to  the  radiation/emission  free 

oscillations/vibrations  attenuate  in  the  time,  k,^k,  —  ik’,  and  A('>o, 
therefore,  according  to  formula  (3),  grows  with  R-^*. 

The  calculation  of  natural  oscillations  does  not  exhaust  by 
itself  those  tasks,  which  are  of  interest  for  the  open  resonators.  Of 
the  more  complex  problems  which  can  be  placed  for  these  systems,  we 
will  consider  the  task  about  the  excitation  of  monochromatic 
oscillations/vibrations  and  the  Cauchy  problem.  The  task  about  the 
excitation  is  reduced  to  the  solution  of  the  nonhomogeneous  wave 
equation 

A<D  +  k*<D  =  —  4np  (4) 

under  the  boundary  condition 


(I>  =  0  on  ^ 


(5) 


and  the  condition  for  the  absorption 
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h 


lim  =  0  with  IinA:>0, 

JR—oo 


(6) 


where  p(  x,y,2)  -  the  assigned  function,  sufficiently  which  rapidly 
decreases  with  R-^*.  Cauchy  is  reduced  to  the  solution  of  the 


unsteady  wave  equation 


0) 


under  the  same  boundary  condition  (5)  and  initial  conditions 


(D  =  (p«  =  <I)‘  with  /  =  0,  (8) 

’  c  dl 

where  and  0^(x,y,2)  -  assigned  functions,  sufficiently  which 

rapidly  decrease  with  R-^». 


The  general  solution  of  similar  tasks  can  be  obtained  with  the 
help  of  the  eigenfunction  expansion  of  the  continuous  spectrum  which 
we  designate  through  0)- ,  (x,  y,  z)  (r  -  discrete/digital  index,  which 
substitutes  two  usual  indices  m  and  n;  x  '  continuous  parameter)  is 
determined  as  follows:  functions  satisfy  the  wave  equation 

AcD,.,  ^  x'-fh-.x  =-  0,  (9) 

to  the  boundary  condition 


=  0  on 


S 


(10) 
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and  they  take  with  R->octhe  following  fom: 


MR 


where 


'P)  Sr  '  ~F  • 


o“.«  (*.  <?)  =  >'t  (X)  f  )• 


Page  20. 


(11) 

(12) 


Functions  g.^  are  eigenfunctions  of  operator  S“*,  and  r*  (x)  - 
corresponding  eigenvalues.  Here  S  -  operator,  who  connects  the 
angular  distribution  of  the  divergent  (scattered)  wave  with  the 
angular  distribution  of  the  convergent  (incident)  spherical  wave;  S  - 
symmetrical  and  unitary  operator.  It  is  easy  to  show  that  with  real 
positive  ones  x  of  function  satisfy  the  condition  of  the 

orthogonality 

^  \  =D.  (x)  d,..d  (x  —  x'),  (13) 

where  the  integration  is  produced  on  entire  space  out  of  S.  Therefore 
kno%m  functions  it  is  possible  to  expand  according  to  eigenfunctions 
for  example, 

oo 

<!>•  =  V'i  <-  (X)  «h,,,c(x,  c2  (x)  =  .  (14) 

4x0.  IX) 

•  0 

but  unknown  functions,  for  example  function  d)  in  the  Cauchy  problem, 
to  seek  in  the  form 

oo 

(P  =  2  5  C.  (X.  1)  «I>.»  dn.  (15) 

t  0 

Simply  it  is  possible  to  connect  unknown  function  C.  (x,  o  with 
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known  functions  c!(x),  ei(x)  and  thus  to  solve  the  Cauchy  problem,  just 
as  the  task  about  the  excitation.  However,  these  solutions  have 
formal  character,  since  functions  O...  cannot  be  efficiently  found. 


Nevertheless  in  the  integrals  of  form  (15)  it  is  possible  to 
isolate  the  "resonance  part”  which  is  expressed  clearly  through 
eigenfunctions  (p.  and  in  the  majority  of  the  cases  is  of  basic 
practical  interest.  For  this  way  of  integration  it  is  displaced  into 
lower  half-plane  lmx<0  and  are  computed  deductions  at  the  points 
where  D,(x)  =  0  and  r^ix)  =  0,  i.e.  at  points  x  ^  k,.  in  the  calculation  of 
deduction  is  essential  value 

V  ‘  mt\ 

- S!— * 

which  we  call  the  norm  of  function  <I>,;  it  it  is  possible  to  also 


present  in  the  form 

y,  ™  lim  ■ 


yR 


where  Vr  is  a  volume  of  the  sphere  of  radius  R,  and  angle  ?  is 
chosen  so  that  the  limit  would  exist,  in  spite  of  increase  (h. 


according  to  formula  (3). 


The  final  solution  of  the  problem  about  the  excitation  takes  the 

form 

-  S  +  ^.  (18) 

A  ' 

where  the  coefficients 


(19) 
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essence  complex  amplitudes,  with  which  are  excited  natural 
oscillations  (l)-(3),  in  which  k,  lie/rest  at  the  region  A,  adjacent 
to  the  real  axis.  During  the  proper  selection  of  region  A  sum  (18) 
gives  the  resonance  part  of  the  field  for  calculating  which  it  is 
necessary  to  know  only  <I>,  and  k„  and  component  <I>  -  the 
nonresonant  "background",  weakly  depending  on  the  frequency  of 
excitation. 

Page  21. 

The  solution  of  the  problem  of  Cauchy  with  t>0  takes  the  form 
(D  =  +  (h*.  (20) 

where 

(21) 

and  where  the  addition  is  produced  on  s,  which  satisfy  condition 
0<*;<0,  while  <t»*  decreases  with  t-^  as  Therefore  with  large 

t  series/row  according  to  eigenfunctions  O,  is  principal  part  of  the 
solution. 

Relative  to  the  concrete/specific/actual  systems  are  given  the 
sinqjle  approximations  for  calculating  the  norm,  determined  by 
formulas  (16)  and  (17).  Results  easily  are  generalized  to  the  case  of 
other  boundary  conditions  and  in  the  case  of  inhomogeneous  medium. 
Special  work  is  dedicated  to  the  solution  of  the  same  problems  in  the 
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electrodynamics  when  scalar  wave  equation  is  substituted  by  the 
equations  of  Maxwell  in  the  inhomogeneous  media  with  the  absorption 
and  by  frequency  dispersion. 
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SC»<E  QUESTIONS  OP  THE  THEORY  OP  OPEN  RESONATORS. 

V.  S.  Buldyrev,  E.  Ye.  Pradkin. 

1.  Is  examined  boundary-value  problem  for  electromagnetic  field 
in  open  resonator  with  source  within  resonator,  Leontovich  boundary 
conditions  on  mirrors  of  resonator  and  conditions  for 
radiation/emission  at  infinity.  It  is  shown,  with  what  geometries  of 
resonator  can  be  carried  out  the  separation  of  field  to  TM  and  TE 
waves  (disregarding  by  conditions  on  the  edges/fins  of  mirrors).  Is 
posed  heterogeneous  scalar  problem  for  the  appropriate  component  of 
Hertz's  vector 

Aa  +  fc*u  =  —  /  (x,  y,  i)  (1) 

under  the  condition  of  radiating/emitting  Somroerf ield,  the  boundary 
conditions 

^  -  ifcp,  o  =  0  on  Sj  (/  =  1.2),  (2) 

where  p,  *■  waves  and  waves,  and  the 

requirement  of  limitedness  u  on  the  edges/fins  of  mirrors.  Por  the 
determination  of  field  within  the  resonator  it  is  assumed  that  u*0 
and  du/dn«0  on  the  external  surfaces  of  mirrors.  This  assumption 
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contains  two  approximations/approaches:  first,  it  is  considered  that 
the  wave,  which  reached  through  the  mirror  the  external  surface,  many 
times  of  weaker  than  the  wave  on  the  internal  surface  (mirrors  are 
close  to  the  ideal  ones),  second,  is  considered  carried  out  the 
approximation/approach  of  Kirchhoff  -  neglect  of  the  effects  of  the 
flowing  in  of  current  on  the  external  surfaces  of  plates. 

In  the  approximations/approaches  indicated  is  obtained  the 
system  of  two  nonhomogeneous  integral  equations  for  field 
distribution  on  the  internal  surfaces  of  the  mirrors  of  resonator. 


Page  22. 


The  corresponding  uniform  system  can  be  named  the  system  of  the 
integral  equations  of  the  open  resonator 

2n«,  (.V/,)  ikHi  -V-’  -  ^  0  =  1.2).  (3) 

;-l  3j  '  '>  / 

where  Rii  -  distance  between  point  Mi,  of  that  arranged/located  on 
mirror  si,  and  point  of  integration  JV,,  on  mirror  3,.  For  the  ideal 
mirrors  with  certain  approx inat ions/approaches,  justified  for  the 
open  optical  resonators,  equations  (3)  coincide  with  the  integral 
equations  of  Pox  and  Lee. 


2.  It  is  shown,  how  spectrum  of  complex  values  of  wave  numbers 
A*.  “  >  0)  ^  obtained  from  spectrum  of 
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eigenvalues  of  system  (3). 

3.  In  approximation/approach  of  Pox  and  are  examined  integral 
equations  of  open  optical  resonators  with  spherical  mirrors.  On  the 
basis  of  the  properties  of  the  symmetry  of  such  integral  equations  it 
is  determined,  what  combinations  of  geometric  parameters  determine 
complex  spectrum  fc'**,.  For  some  resonators  are  considered  values  k'^, 
the  determining  diffraction  losses  of  the  best-quality  types  of  the 
natural  oscillations  of  resonator. 
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DIFFRACTION  AND  THERMAL  RADIATION. 

M.  L.  Levin,  S.  M.  Rymov. 

In  1952-1953  was  developed  the  phenomenological  correlation 
theory  of  thermal  agitations  in  electrodynamics  [1,  2],  which  is 
based  on  the  representation  about  the  random  outside  sources  of 
fluctuation  field,  for  example,  outside  electrical  and  magnetic 
currents  j«  and  j”.  Within  the  absorbing  medium  electromagnetic 
field  is  Siibordinated,  thus,  to  the  nonhomogeneous  equations  of 
Maxwell,  and  any  task  about  the  thermal  agitations  proves  to  be 
actually  edge/boundary  electrodynamic  task.  Within  the  limits  of 
phenomenological  electrodynamics  this  general/common/total  approach 
does  not  in  any  way  limit  the  relationship/ratio  between  the 
sizes/dimensions  of  bodies  and  the  wavelength  and  it  makes  it 
possible  to  contain  in  the  unified  theory  all  thermal  fluctuation 
phenomena  in  the  electrodynamics  -  from  the  classical  theory  of 
thermal  radiation  (approximation/approach  of  geometric  optic/optics) 
to  the  theory  of  noises  in  the  electrical  circuits  (quasi-stationary 
approximation/ approach) . 


Besides  the  equations  of  Maxwell,  the  basic  element/cell  of  this 
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theory  are  the  space-time  or  spatial-spectral  correlation  function  of 
outside  currents.  Initially  they  were  obtained  by  generalizing 
Nyquist  theorem  [2],  and  then  they  were  derived  from  the  so-called 
fluctuation-dissipation  theorem  of  Callen  and  co-authors  [3-5].  The 
solution  of  boundary-value  problem  (considering  all  diffraction 
effects)  and  the  subsequent  averaging  of  the  values,  bilinear  it  is 
relative  the  obtained  strengths  of  fields,  make  it  possible  to  find 
any  moments  of  the  second  order,  which  characterize  thermal 
fluctuation  field,  the  density  of  energy,  its  flow,  different 
correlation  function,  etc. 

As  it  was  shown  subsequently  [6],  the  use  of  an  electrodynamic 
reciprocity  theorem  signif icantly  simplifies  the  solution  of 
fluctuation  problems. 

This  theorem  reduces  the  task  about  the 'determination  of  the 
moments/ torques  of  the  second  order  to  the  calculation  of  heat  losses 
of  the  auxiliary  diffraction  field,  created  by  two  point  sources  of 
dipole  form.  Thus,  for  instance,  for  the  evenly  hot  bodies 

£(.  (ri)  ('*)  =  -^  ®  <?H' 

where  £;  -  projection  of  the  Fourier  component  of  the  electrical 
fluctuation  field  to  the  direction  of  unit  vector  1,  e(o>,  J)  -  the 
medium  energy  of  planck  oscillator,  -  mixed  heat  losses  of  the 
diffraction  field,  created  by  point  ones  by  electric  dipoles 
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Pj=li/i«,  arranged/located  at  points  and  r, 

respectively. 

Page  23. 

Moreover,  reciprocity  theorem  in  combinatio  with  the  principle 
of  the  symmetry  of  kinetic  coefficients  makes  it  possible  to  obtain 
independent  of  Callen  theorem  and  very  correlation  functions  of 
outside  fluctuation  currents,  moreover  in  the  most  general  case  of 
heterogeneous  and  anisotropic  media  both  described  by  local  material 
equations  and  possessing  spatial  dispersion. 

Thus,  for  the  determination  of  different  average/mean  bilinear 
characteristics  of  thermal  field  it  suffices  to  know  the  solution  of 
the  auxiliar  diffraction  problems  about  the  field  of  point  source  in 
the  presence  of  body.  Thus,  for  instance,  for  the  absorbing 
half-space  all  characteristics  of  fluctuation  field  both  near  the 
boundary  and  far  from  it,  immediately  escape/ensue  from  the  solution 
of  the  problem  of  Sommerfield. 

In  many  instances  of  loss  Q  of  diffraction  field  it  is  possible 
to  find  by  different  approximation  methods.  Thus,  for  well  conductive 
bodies  Q  it  is  possible  to  compute  according  to  the  formulas  of  stron 
skin-effect,  on  the  basis  of  the  solution  of  diffraction  problem  for 
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the  ideally  conductive  body.  For  the  case  when  the  distance  of 
observation  point  from  the  body  and  the  characteristic  scales  of  body 
(sizes/dimensions,  radii  of  curvature,  etc.)  are  great  in  comparison 
with  the  wavelength,  and  furthermore,  is  great  the  optical  thickness 
of  body,  for  determination  Q  it  is  possible  to  use  reflecting 
formulas  with  the  local  Fresnel  coefficients.  On  the  contrary,  for 
the  small  bodies  losse  can  be  found  from  the  quasi-static  formulas. 

If  us  interests  only  thermal  radiation/ emission  in  the  distant  zone, 
then  Q  immediately  is  expressed  as  the  diameter  of  absorption  in  the 
field  of  plane  wave. 

From  that  presented  it  is  clear  that  the  solution  of  any 
diffraction  problem  during  irradiation  by  wave  from  the  elementary 
source  (in  particular,  by  plane  wave)  includes  and  the  solution  of 
the  definite  mission  about  the  thermal  radiation. 
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FORMULATION  OF  THE  PROBLEM  OF  SCATTERING  AT  A  FINITE  DISTANCE. 

R.  G.  Barantsev. 

In  the  report  is  considered  a  question  about  the  possibility  of 
the  distribution  of  arriving  and  outgoing  flows  at  the  final  distance 
from  the  scatterer  and  is  formulated  the  corresponding  formulation  of 
the  problem.  Is  examined  stationary  elastic  scattering  on  the 
arbitrary  potential  with  the  finite  noncentral  part. 

The  task  of  scattering  actually  consists  in,  knowing  the  flow, 
which  arrives  into  the  region  of  scattering,  finding  of  the  flow, 
which  exits  from  it.  At  the  final  distance  and  with  the  finite  wave 
number  k  only  the  possible  approximate  distribution  of  flows, 
moreover  accuracy  level  is  determined  by  the  value  of  interference 
terms.  Further,  since  the  flow  is  received  only  on  the  pad  whose 
sizes/dimensions  not  are  lower  than  the  wavelength,  usual  expression 
for  the  radial  flow  at  a  distance  of  r  should  be  neutralized  on  the 
solid  angle  of  order  (kr^”*.  As  a  result  the  flow  is  characterized  by 
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the  final  set  of  niunbers.  From  the  infinite  series,  which  is  obtained 
with  the  expansion  of  wave  function  of  the  spherical  harmonics, 
remains  the  final  sum,  a  number  of  components/terms/addends  in  which 

V  I  .V 

is  equal  to  2  =(N+1)*,  and  in  axisymmetric  case  2  =  ''4.1, 

I  m--*— i  I  -so 

where  N»0(kr). 

Asymptotic  expansions  of  the  solutions  of  radial  equation  with 
the  the  large  kr>l  give  the  possibility  to  find  the  order  of 
interference  terms  and  to  determine  arriving  and  exiting  flows  at  the 
final  distance.  The  task  of  scattering  on  the  assigned  potential  is 
reduced  to  the  determination  of  a  finite  nxunber  of  amplitudes  of  the 
outgoing  waves  on  the  final  set  of  the  amplitudes  of  incident  waves 
from  the  final  system  of  linear  algebraic  equations. 

The  proposed  approach  offers  the  following  possibilities: 

1)  “l^he  transference  of  the  element/cell  of  degree  of 
approximation  from  the  solution  into  the  setting,  which  brings  task 
closer  to  physical  conditions  and  its  simplifying  mathematical 
solution  due  to  the  neglect  of  the  values,  which  do  not  have  physical 
sense,  even  in  the  stage  of  the  formulation  of  the  problem. 

2)  Account  of  interference  between  the  scattered  wave  and  the 
passed  part  of  the  incident  wave.  With  final  kr  the  effect  of  this 
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interference  is  noticeable  at  the  small  scattering  angles  even  in  the 
case  of  the  plane  incident  wave. 

3)  Uniform  transition  to  the  classical  limit  of  k-^.  The 
presence  of  the  pre-limit  formulation  of  the  problem  with  final  k  and 
r  makes  it  possible  to  complete  passage  to  the  limit  k-^*,  r-^*  in 
different  order.  The  usual  formulation  of  the  problem  of  scattering 
allows/assumes  the  infinite  increase  in  k  only  after  r,  as  a  result 
of  which  are  discovered  the  effects  of  asymptotic  nonuniformity.  So, 
in  the  task  of  scattering  the  plane  wave  by  ideally  solid  sphere  for 
the  total  scattering  cross-section  in  limit  of  k-^»,  as  is  known,  is 
obtained  the  result,  two  times  exceeding  classical  value.  But  if  we  k 
increase  more  rapidly  than  r,  then  this  paradox  does  not  appear. 

4)  The  estimation  of  the  conditions,  under  which  the  collective 
interaction  is  dismembered  to  the  sequence  of  paired  collisions,  and 
the  refined  solution  of  this  task  (in  the  unsteady  version). 
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ANALYTICZTY  OP  DEPENDENCE  ON  THE  PARAMETER  AND  DIFFERENT  FORMULATIONS 
OP  THE  TASKS  OP  DIFFRACTION  FOR  THE  HELMHOLTZ  EQUATION. 

G.  D.  Malyuzhinets. 

1.  Radiation  principle  [l-5l  and  principle  of  extinguishability 
[6-10]». 

FOOTNOTE  *.  Name  principle  of  extinguishability  was  proposed  in  the 
work  [9(1)1;  formulation  with  its  aid  of  the  task  of  diffraction  in 
the  arbitrary  region  with  the  proof  of  uniqueness  -  in  [9(2)1, 

[9(3)1.  In  some  works  with  the  formulation  of  more  specific  problems 
is  used  the  name:  the  principle  of  the  maximum  absorption  (for 
exanqple,  see  [lOl).  BNDFOOTNOTE. 

Task  of  diffraction  for  the  scalar  equation  of  Helmholtz 

da  +  «*tt  0  (1) 

as  the  typical  example,  which  makes  it  possible  to  consider  the  role 
of  dependence  on  the  parameter.  Formulations  of  the  simplest  tasks  in 
the  free  space  with  the  help  of  the  principle  of  extinguishability 
and  radiation  principle.  Regions  of  the  applicability  of  these 
principles.  Task  of  diffraction  for  the  equation  of  Helmholtz  as  the 
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task  about  forced  oscillations.  The  analyticity  of  dependence  on  the 
complex  parameter  k  as  the  basic  property,  which  differs  forced 
oscillations  (resolvent)  from  its  own  ones  (confirmation,  that  the 
requirement  of  analiticity  of  solution  with  respect  to  k  enters  into 
the  determination  of  forced  oscillations,  described  by  the  equation 
of  Helmholtz,  it  was  expressed  to  the  author  I.  M.  Gelfand  in  1949). 

Page  25. 

Available  proofs  of  analyticity  for  special  cases  (Eydus,  Olympius). 
Connectidn/communication  with  wave  equation. 

2.  Questions  of  dispersion^. 

FOOTNOTE  With  respect  to  wave  properties,  for  example,  the  plasma 
is  the  typical  dispersive  medixim,  true,  described  not  by  one,  but  by 
the  system  of  equations  of  Helmholtz.  However,  in  the  sense  of  the 
analyticity  of  dependence  on  the  parameters  the  case  of  systems  of 
equations  is  very  close  to  the  case  of  one  equation, 
examined/ considered  in  the  report.  BNDFOOTNOTE. 


Introduction  instead  of  wave  number  k  of  the  more  convenient  in  this 
case  propagation  constant  m"-ik,  utilized  in  the  theory  communication 
along  wires,  and  also  in  the  theory  of  diffraction  [8,  9].  The 
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generality  of  the  equation  of  Helmholtz-Neumann 

Alt'* — (2) 

consisting  in  the  fact  that,  besides  the  simplest  wave  equation,  to 
it  is  reduced  also  the  broad  class  of  wave  equations  for  the  media 
with  the  dispersion,  which  contain,  besides  Laplace's  operator,  the 

d 

even  linear  operators,  who  are  polynomials  from  ^  with  the 
coefficients,  time- independent.  Electrical  model-grids  [11]. 

a 

Information  of  such  equations  by  means  of  substitution  ^  =  —  m  to 
the  equation  of  the  form 

Au  —jx  (a,  a,  6,  c,  .  .  .)  M  ==  0,  (3) 

where  a  is  the  rational  integral  function  of  frequency  u  (generally 
speaking,  complex)  and  of  substantially  positive  parameters  a,  b, 
c,...,  which  are  coefficients  in  the  initial  wave  equation  for  the 
medium  with  the  dispersion.  Definition  "is  sufficient 
general/common/total  dispersive  media”,  for  which  a,  as  the  function 
(•>  in  question,  does  not  have  poles  and  zero  with  0<|a|«»;  -ir/2^arg 
a$«/2.  The  proof  of  that  fact  that,  any  physical  real  medium  (with 
the  dispersion  or  without  the  dispersion)  from  the  class  pointed  out 
above  is  the  limiting  case  at  least  of  one  of  sufficient  a  value  m, 
necessary  for  reducing  of  equation  (3)  to  the  equation  of  Helmholtz 
(2),  according  to  the  formula 

» =» — I*  =» 

Construction  with  the  help  of  the  principle  of  extinguishability 
(limitedness  at  infinity  in  the  presence  of  dissipation)  of  an 

i 

1 


% 


i 
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example  of  the  solution  of  the  problem  of  the  radiation/ emission  into 
the  dispersive  medium,  which  shows  inaccuracy  in  the  general  case  of 
radiation  principle  (outgoing  waves),  although  which  is  coordinated 
with  radiation  condition.  Examination  of  the  possibility  of 
eliminating  this  deficiency/lack  in  the  radiation  principle. 

3.  Questions  of  analytical  continuation  concerning  parameter  k 
(or  m) .  Radiation  conditions  as  the  non-self-adjoint  third-order 
boundary  condition  on  the  infinite  sphere.  New  form  of  study 
condition  for  the  arbitrary  complex  values  of  the  parameter.  Its  use 
during  the  derivation  of  the  formula  of  Helmholtz  for  the  exterior. 
The  example  of  the  simplest  exterior  problem  of  diffraction,  which 
shows  that  without  the  imposition  of  the  requirement  of  analyticity 
on  k  the  generalized  condition  for  radiation/ emission  allows/assumes, 
besides  those  forced,  also  continuous  spectrum  for  the  natural 
oscillations.  Proof  of  the  uniqueness  of  the  solution  of  exterior 
problem.  Resemblance  and  the  difference  between  the  exterior  problem 
of  diffraction  and  the  internal  task  in  the  finite  domain  on  boundary 
of  which  is  assigned  the  non-self -ad joint  third-order  boundary 
condition. 

Page  26. 

Advantages  of  eigenfunction  expansions  of  the  complex  spectrum  for 
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the  asymptotic  examinations  of  the  behavior  of  solution  (principal 
parts)  in  the  vicinity  of  complex  poles  and  for  the  physical 
interpretations.  Examples:  diffraction  gratings,  open  resonators. 

4.  Diffraction  in  arbitrary  region  filled  with  inhomogeneous 
medium,  and  principle  of  extinguishability.  Determination  of  distance 
between  two  points  in  the  arbitrary  region  [9  (2)].  Infinite  region. 
Various  forms  of  the  condition  of  extinguishability.  Local  condition 
of  extinguishability  [9  (1)].  Condition  of  extinguishability  at 
infinity  and  uniform  limitedness.  Connect ion/communi cat ion  with  the 
accessory/affiliation  of  solution  with  L*  and  questions  of  the 
existence  of  solution.  Formulation  of  tas)c  with  the  help  of  the 
condition  of  extinguishability  at  infinity  for  the  case  of  the 
positive  refractive  index  and  smooth  boundary  with  the  third  boundary 
condition.  Principle  of  maximum  and  uniqueness  theorem  [9  (2)].  The 
type  of  tasks  about  forced  oscillations  with  formulation  of  which  the 
right  side  enters  only  into  the  condition  of  extinguishability  at 
infinity.  Theorem  about  the  independence  of  the  solution  of  this 
problem  from  the  addition  to  this  of  the  right  side  of  the  arbitrary 
function,  liquidated  at  infinity.  Use  of  this  theorem  for  imparting 
the  desirable  form  to  the  incident  wave. 

Formulation  of  task  with  the  help  of  the  requirement  of  uniform 
limitedness.  Introduction  for  the  assigned  to  region  double  limitless 
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region,  comprised  of  two  copies  of  initial  [9  (2)].  Simultaneous 
examination  in  this  double  region  of  the  tasks  of  Neumann  and 
Dirikhle.  Uniqueness  theorem.  Generalization  for  the  case  of  complex 
refractive  index. 
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SOME  GENERALIZATIONS  OF  THE  RADIATION  PRINCIPLE  OF  SCM4MERFIELD. 

L.  G.  Magnaradze. 

1.  Short  survey/coverage  of  known  proofs  of  principle  and  its 
generalizations . 

2.  On  some  new  generalizations  of  principle  and  amplification  of 
its  known  conditions. 


DOC  -  82036002 


PAGE  ysT 


ONE  BOUNDARY-VALUE  PROBLEM  IN  A  REGION  WITH  AN  INFINITE  BOUNDARY. 

D.  M.  Eydus 

1.  Q  -  region  in  the  space  of  variable/alternating  . . 

determined  by  the  inequality 

-  9  (^l . in-i)  >  0. 

Page  27. 

Function  0  is  determined  for  all  •  •  •.  and  has  derivatives  ^ 
k>l,...,  n-1,  that  satisfy  Gelder’s  condition  in  any  are  certain 
variable  range  . x„.i. 

Furthermore,  0>6.  Constant  6  we  will  count  po5i+fU€..  Boundary  of 
the  region  Q  let  us  designate  through  by  r.  Rassmotry  the  following 
boundary-value  problem  in  0: 

Au  +  zu  =  /;  (1) 

»lr  =  0.  (2) 

<a6^(Q),  where  z  -  complex  nxanber,  and  function  f  is  such,  that 

(3) 

a 

a>0.  It  is  known  that  this  task  is  unambiguously  solved  with  Im  zi^O. 
It  is  proven,  that  for  all  z  of  such,  that  Im  z^O,  Re  z,(l,  occurs 
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inequality 


cos  (V.  :c,)  I  rfT  +  5  [^  +  ^  f] CAT.  (/), 


(4) 


where  the  constant  C  depends  only  on  1,  5,  a.  Let  us  designate 
through  (*)  the  solution  of  task  (3),  (4),  where  Im  z^O.  From  (4)  it 
follows  that  for  any  X<0  there  is  a  solution  (x)  of  equation  (1),  in 
which  z«X,  that  satisfies  condition  (2)  and  being  the  limit  of 
certain  sequence  where  a,* -*  X,  Im  *„>  0, the  convergence  occurring  in 
any  final  subregion  a>(uiQQ)  in  sense  of  La  (u) .  Analogously  there 
is  a  solution  <x.»  such,  that  when  —X,  lmz„<0. 


while  function  f  satisfies  the  condition 

VHfl  «  I 

iV(/)  =  5*r(l^  (7) 

11  k  1 

Let  function  f  be  such,  that  N(f')<».  Let  us  designate  through  u\ 
the  solution  of  task  (3),  (4),  where  function  f  is  substituted  on  f. 
With  the  help  of  (4)  it  is  proven,  that  for  all  z  of  such,  that  Im 
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z*0,  a^Re  z<b  (a>0),  occurs  the  inequality 

I  S  u,u,  rf*  I  <  I  '.V  {f)Nin.  (8) 

iX 

where  constant  C  depends  only  on  S,  c^,  Cj,  a,  a,  b. 

Lenuna.  Let  -Hn—  subspace  in  Hilbert  space  .H,  SP  —  the  operator 
of  design  on  -Xn,  O  —  self-con  jugate  operator  in  3t,  Ji,  —  its 
resolvent,  1—  region  in  the  complex  plane  z,  determined  by 
inequalities  Im  z>0,  a^Re  2<b. 

Page  28. 

Let  for  certain  element/cell  and  for  each  in  region 

occur  the  inequality 

^-<f) 

where  c,  does  not  depend  on  z  from  n  (but  it  can  depend  on  <{;).  Then 
for  any  Zj,  z,  of  il  occurs  the  inequality 

-  3,|. 

With  the  help  of  this  lemma  and  inequality  (8)  is  proven  the 
following  confirmation: 

Theorem  1.  Let  the  function  e  satisfy  conditions  (6),  and 
function  f  -  condition  (7).  Then  for  any  X>0u,  -- u*  with  z-»X,  Im 
z>0,  the  convergence  occurring  in  any  u  in  sense  of  L,(b>).  Limit 
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function  is  the  solution  of  equation  (1),  where  z>X,  and  satisfies 
condition  (2).  Analogously  occurs  convergence  “i  —  when  :  —  X,  im 
z<0.  Functions  satisfy  condition  (5).  Furthermore,  for  any  X,,  X,, 
that  belong  to  gap/interval  «<  X  <  A  (<*>  0)occurs  the  inequality 

“x,  ~  “x,  ^  I  ^11- 


3.  Let  us  consider  now  in  region  Q  mixed  problem 


—  -  Aw  =  e' 

dt* 

w|j.  =  0 


'/(*) 


=  =0- 


With  the  help  of  theorem  1  and  inequality  (4)  is  proven  the  following 
theorem  (principle  of  limiting  amplitude). 


Theorem  2.  Let  the  function  <j>  satisfy  conditions  (6),  and 
function  f  -  condition  (7),  Then  when 

t  —  +  oo  the  convergence  occurring  in  any  u 


in  sense  of  L, (u) . 
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FORMULATION  OF  THE  PROBLEM  OF  DIFFRACTION  IN  REGIONS  WITH  AN  INFINITE 
BOUNDARY. 

A.  G.  Ramm. 

1.  Let  us  consider  in  flat/plane  region  D^  whose  boundary 
asymptotically  approaches  boundary  F,  of  angle  D,  so  that 

“>»•  (<) 

where  P  («,  F)  distance  from  point  a6F  to  F„  task  about 

construction  of  resolvent  of  Schroedinger's  operator: 

[A  +  (*  +  ie)*  -  p  (x)I  G  {x,  y,k  +  it)  =  b  (x  -  y)  bD;  (2) 

G  (x,  y,  &  +  ie)J^  =  0;  (3> 

G  (x,y,k  +  it)€L,m  e>0  (4) 

under  the  assumption 

''“’'""(rnTr)'  »o-  (5) 

FOOTNOTE  Results  of  p.  1  are  transferred  to  the  case  of  the 
three-dimensional  regions  whose  boundary  approaches  a  boundary  of 
cone.  ENDFOOTNOTE. 


t 

i 
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We  will  consider  that  out  of  the  circle  with  the  arbitrarily 
large,  but  fixed/recorded  radius,  radius-vector,  intersecting 
boundary  it  remains  within  D  region. 

Theorem  1.  Under  the  done  assumptions  lacks  positive  discrete 
spectrum  the  operator  of  Schro»»dinger  Dirichlet  problem.  Task  (l)-(3) 
has,  and  besides  only,  solution.  This  solution  possesses  the 
following  properties: 

a)  when  e -•OC  (»,  y,  *  +  <«)  is  even  relative  to  x,  y,  k,  which  vary 
on  the  compact  stibsets,  approach  the  limiting  values  of  G(x,  y,  k); 

b)  function  G(x,  y,  k)>G(y,  x,  k)  satisfies  equation  (2)  when 

•  ■>0,  to  boundary  condition  (3)  when  and  condition  for  the 

radiation/emission 
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G(*, 


a) 


“sjis— <*> 

\G{x,-y,k)\<^C\]n\x-y\\,  I W (x,  y.  A:) | < . 

(») 

|V*G  (x,  y,  A;)|<— ,  npn  |x  — y|  — 0, 

.1  *  —  y  I 

I  +  jVG  (x,  y,  *)|  +  |V*G  (x,  y,  *)|<- — ^30, 

i  X  —  1/  I  '• 

I G  (x,  «,*)!<  -**^**  Qb  s  6  r' 

\±G  (X.  y.  *)  |<G  nSl^-yl  >  1; 

y 

/  L\  *  -i/  2  ‘(*lv|-j) 

(*1  yi  *)  =*4/  1/  Zi.  ...,■<  U  (x,  at,  *)  (1  +  0  fl)). 


UeM'^0.  vohcce. 

where  the  variable/alternating  u  varies  within  the  angle. 


Functions  u(x,  w,  k)  satisfy  equation  (2)  and  boundary  condition 
(3)  when  « = 0.  They  play  the  role  of  plane  waves  for  D  region.  These 
functions  are  the  solutions  of  the  problem  of  scattering  on  potential 
p(x)  and  boundary  F; 


e)  the  spectral  function  of  Schroedinger 's  operator  is  an 

d% 

integral  operator,  strongly  differentiated  on  X,  moreover  ^ 
integral  operator  with  kernel  ^  Im  G  (x,  y,  KX). 


Theorem  2.  Occur  the  inverse  formulas 
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/  (*)  =  +  S  (*)• 

D.  _  r-i  _ _  ^  (7) 

;  (S)  =  4  (J) « (J.  f)  ‘^P  =  5  /  W'»'p 

integrals  we  accept  as  limits  on  the  average  <Pp  (»■)  -  functions  of  the 
discrete/digital  negative  spectrum,  k»k«. 


Page  30. 

2.  In  region,  examined  in  p.  1,  for  operator  of  Schroedinger 
Dirichlet  problem  occurs  principle  of  limiting  amplitude. 


For  solving  the  task 

u,i  +  lu  -  f  (x)  rae  riu  =  —  Au  -f  p  (x)  u, 

“'(  0  ~  1^*  ~ 

is  correct  the  relationship/ratio 

lim  u  (x.  t)  «'•“*  =  P  (*.  '•). 

where 


(8) 

(9> 


(10) 


i,  (X, .«)  =  \  ^  (*.  y.  •“)  /  <y> 

b 

-  solution  of  stationary  boundary-value  problem. 


It  is  assumed  that  f(x)  satisfies  estimation  (5). 
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When  D»E,,  we  can  consider  the  speed  of  tendency  toward  the 
limiting  amplitude.  Specifically,,  if  f(x)  and  p(x)  are  finite  or 
exponentially  decrease,  and  V/,  VV  satisfy  estimation  (5)  with  b>l, 
then  for  solving  task  (8)-(9)  is  accurate  the  estimation 

n  (^x,  t)  =  (*.  u>)  +  O 

where  7>0 • 

If  IPW!-O('rn7pn:jr),a>0,t>0;V/(4.VVW 

satisfies  estimation  (5)  with  b>l,  then 

u  (x,  t)  =  (x,  u»)  4-  •  (i3> 

Under  some  assumptions  about  the  resolvent  of  the  abstract 
operator  L  it  is  possible  to  give  the  necessary  and  sufficient 
conditions  so  that  for  the  operator  L  would  be  carried  out  the 
principle  of  limiting  amplitude. 

3.  Let  us  consider  question  about  analytical  properties  of 

solution  of  equation 

S[u  -r  p*u=‘  f  (x)  h  D  (14> 

for  parameter  p,  where  z  is  determined  by  expression  (8). 

Let  0*E,.  If  f(x)  and  p(x)  are  finite,  then  the  solution  of 
equation  (14)  u(x,  p)  allovs/assumes  analytical  continuation  as 
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meromorphic  function  to  entire  complex  plane  by  the 
variable/alternating  p,  moreover  vith  Re  p>-a,«>0,  u(x,  p)  -  it  is 
analytical. 

If  p(x)  and  f(x)  exponentially  decrease,  then  u(x,  p)  is 
continued  as  meromorphic  function  for  the  variable/alternating  p  into 
half-plane  Re  p>-b,  where  b>0,  moreover  with  Re  p>-a,  a>0  u(x,  p)  - 
it  is  analytical. 

If  p(x)  and  f(x)  decrease  exponentially  and  f(x)  satisfies  some 
conditions  of  smoothness,  then  u(x,  p)  is  differentiated  on  p,  up  to 
axis  Re  p«0. 

The  method  of  analytical  continuation  is  based  on  the  theorem 
obtained  by  the  author,  in  which  are  given  the  necessary  and 
sufficient  conditions  of  one  or  the  other  smoothness  of  the  solution 
of  the  operational  equation  A(p)u»g(p}  in  the  banach  space. 

In  the  flat/plane  case  analytical  continuation  is  realized  to 
the  plane  with  the  section/cut.  By  this  is  explained  the  diffusion  of 
waves  in  the  flat/plane  case. 

Page  31. 
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Hence  it  follows  that  the  remainder  in  formula  (12)  or  (13)  takes 
form  0(l/t),  moreover  the  order  of  decrease  indicated,  generally 
speaking,  cannot  be  improved,  raising  smoothness  and  speed  of 
decrease  f(x)  and  p(x). 

The  content  of  report  is  partially  published  in  DAN  USSR,  152, 


No  2,  1963,  282-285 
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RADIATION  CONDITIONS  FOR  ELLIPTICAL  OPERATORS  OF  HIGHER  ORDERS  AND 
THE  GENERALIZED  PRINCIPLE  OP  MAXIMUM  ABSORPTION. 

B.  R.  Vaynberg. 

In  the  present  report  will  be  found  the  conditions  to  infinity, 
which  isolate  unique  solution  for  the  broad  class  of  elliptic 
equations  in  entire  space.  These  conditions  are  analogous  to  the 
known  conditions  of  radiating/emitting  Helmholtz  (Au+k*u«f). 
Furthermore,  for  the  equations  in  question  will  be  proved  the 
validity  of  the  principle  of  maximum  absorption  and  certain 
generalized  principle  of  maximum  absorption.  Will  be  indicated 
connection/ communication  between  the  conditions  at  infinity  and  the 
generalized  principle  of  maximum  absorption. 

Through  x  =  we  will  designate  the  points  of 

n-, dimensional  real  space  ^4*),  »•  »  =  (wj,...,  unit  vector, 


Let  us  consider  first  elliptical  operator 

9  9  d 

with  the  constant  coefficients  of  order 
2m,  P(o) —  its  characteristic  polynomial.  Let  operator 


I 
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satisfy  the  following  three  conditions: 

1)  the  dimensionality  of  the  real  zero  polynomials  P(a)  is  equal 
to  n»l, 

2)  grad  P(ff)^0  in  real  zero  P(a), 

3)  surface  curvature  P(a)*0  (a  -  it  is  real)  not  at  one  point  is 
equal  to  zero. 

Let  us  designate  through  K;,  j  =  \,2 . /  the  singly  connected 

surfaces  into  which  falls  surface  P((r)«0.  From  the  ellipticity  of 
polynomial  P(a)  and  conditions  1-3  it  follows  that  Kj—  these  are  the 
locked  convexs  surface.  Let  us  select  for  each  AT;  by  arbitrary  form 
the  orientation  (let  \is  assign  the  direction  of  standard/normal  n). 
This  can  be  made  2*  methods.  Then  on  each  surface  Kj  there  is  exactly 
one  point  a;  (•)“  (<T, OnKw)).  in  which  vector  n  and  u  are  parallel 
and  coincide  in  the  direction.  Through  M**)  let  us  designate  the 
value  of  projection  Vj(»)  on  vector  •:  |ij(w)=  (oj(»),(»). 

Page  32. 

Theorem  1.  If  elliptical  operator,  who  satisfies 

conditions  1-3  and  f(x)  -  the  arbitrary  finite  function  (perhaps, 
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generalized),  then  there  is  a  unique  solution  of  the  equation 

^  (‘ji) "  (i) 

in  any  of  the  following  classes  of  functions  If'*,  fe  =  1,2 . 2': 

if  this  function  is  represented  in  the  form  of  the  stun  of  the 

t 

functions;  «  (j)=S  fo**  which  in  the  vicinity  of  infinity  take  the 
place  either  of  the  inequality 


i  I  <Cr*  ; 


(*) 

dr 


+  '>>  («)  (r) 


or  the  inequality 

:  Uj  (r)  ;  *  </jc  <  CIl. 

.•  \i)U.  (t)  I  s 

]  I — 5? — i- '^  («>)  (X)  <^<c/r.. 

Observation  1.  Since  the  orientation  of  surface  of  P{a)»0  can  be 
selected  2' ,  by  different  methods,  then  theorem  1  gives  to  us  2' 
different  classes 


Observation  2.  In  theorem  1  as  a  special  case,  are  contained  the 
normal  conditions  for  radiation/emission  for  Helmholtz's  operator. 

Prom  conditions  1-3  it  follows  that  polynomial  P(<;)  is 
represented  in  the  form:  P(a)"T(a)P, (v) ,  where  T(a)  -  polynomial  with 
the  real  coefficients,  but  polynomial  Pi(ff)  does  not  have  real  zero. 
Let  us  designate  through  Kl*  the  surface,  which  consists  of  several 
surfaces  Kj,  and  through  K**  -  remaining  surfaces  Kj. 
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Lenuna  1.  There  is  this  polynomial  Q(a)  with  the  real 
coefficients,  such  that  Q(a)>0  on  K***  and  Q(a)<0  on  IT*,  moreover  the 
operator 

=  A  (.  i) 

is  elliptical  with  all  «  =  -f  le.,  if  e,.-^0. 

Obviously,  ^<(<r)=^0  when  e,^0,  and,  which  means,  equation 
u, (x)  =  f (x)  with  any  finite  function  f(x)  has  the  unique 
solution  decreasing  at  infinity.  Specifically,  it  we  will  designate 
through  «t  (*).  We  will  indicate  that  e  — 4-0,  if  s— o  so  that  ** — I- 0  and 

Theorem  2.  When  <  -.  +  o  function  u,(x)  descends  in  the  weak  sense 
to  solution  of  u(x)  of  equation  (1),  to  belonging  one  of  the  classes 
Wit.lf  /(x)6^i  and  f(X)-0  with  r>a,  then  for  any  limited  region  0 

Q)l/S^.  iu.(x)-ii(x)|^y,..,„,<C(e)C(a,Q)J/ijj,; 

lim  C  (e)  =  0,  (2) 

where  s«0,  if  the  order  of  operator  <?((|;)  does  not  exceed  the  order 
of  operator  f((^)  and  S"!  in  other  case. 

Observation  1.  If  —  aign  (<t),  the  u(x)  belongs  to  this  class 
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W'lk,  during  construction  of  which  the  orientation  of  surfaces  Kt  it  is 

assigned  by  vector  grad  r  (a).  Thus,  depending  on  selection  Q{i^) 

we  obtain  in  the  limit  solution  from  any  class  Wt.  In  particular,  if 

0  (a)  =  ±1.  are  obtained  solutions  from  those  classes  for 
which  n=grad  T(<r)  with  all  J,  or,  accordingly  with  all 

n>-grad  T(a).  These  two  classes  we  will  call  natural. 

Page  33. 

Let  us  consider  now  the  equations 

P  [x,  i  u(x}sP  [i  ^)u(x)  +  )Jt(x  u(x)  =  f  (x);  (3) 

*  a^)  «.  (*)  3  s)  +  (4)]  (‘i)  “*  W  + 

-f-  Xfi  [x,  i  tt,  (x.  -  /  (jr),  (4) 

Ord  /  (i)  =  0 

where/(*)6L,  when  j'lst  as  it  is  above,  elliptical 

operator,  who  satisfies  conditions  1-3.  «{i|)  is  of  the  order  not 
higher  than  the  order  of  operator  f(<^)  and  satisfies  the  conditions 
of  lemma  1,  and  ''(-'■ai)-  any  operator  of  order  is  not  above  2m 
with  the  finite  coefficients  (coefficients  of  operator  R{^x,i^ 
equal  to  zero  with  r>b).  It  is  assuoned  that  the  coefficients  of 
operator  standing  with  the  derivatives  of  order  j,  have  j 

of  continuous  derivatives.  Let  us  designate  through  D  the  set  of 
those  values  X  (complex),  at  which  operator  ^(«><^)  is  elliptical. 
Through  D.  let  us  designate  that  connected  the  components  of  set  D, 
who  contains  point  X"0.  Index  x»(X)  of  operator  (3)  is  called 
difference  x*  (X)  (X)  —  n}  (X),  vhsre  (1)  _  this  number  of  solutions  of 
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equation  (3)  with •/(*)  s  0,  those  belonging  W'*,  and  n*  (X)  —  this  is  a 
number  of  conditions  to  right  side  of  f(x),  which  must  be 
superimposed  so  that  equation  (3)  would  have  a  solution  from  Wt. 

Theorem  3.  With  all  X  from  Ihti(X)  =  0.  With  all  X  from  D,,  with 
exception  perhaps  certain  isolated/ insulated  set  A*,  in  class  there 
is  a  unique  solution  of  equation  (3),  i.e.,  when  Xef>o\Ak  it  will 
be ;  «i  (^)  =  n*  (X)  ==  0. 


It  is  not  difficult  to  give  the  example  when  set  A«  is  not 

empty.  Now  we  will  give  one  sufficient  condition  of  the  fact  that 
Xfl  ^  A». 


Theorem  4.  Lot  each  of  the  irreducible  factors  of  polynomial 
P(a)  have  real  zero  and  with  X*X,  operator  (3)  is  formally 
symmetrical  and  equation -P  (a;,  i^)  «(*)  =  0  does  not  have  finite 
solutions.  Then  for  any  finite  f(x)  from  L,  equation  (3)  has  in 
natural  classes  unique  solution. 

Theorem  5.  Let  with  X>X,  equation  (3)  have  in  class  the 
unique  solution  of  u(x)  and  operator  Q  corresponds  to  class 
(see  observation  1  to  theorem  2).  Then  with  sufficiently  small  |e|  and 
CtikO  eqiiation  (4)  has  solution  unicpie  exponentially  decreasing 

at  infinity  moreover  for  any  limited  region  0 
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3  M  (X)  5  <C(a,  6.  Q)3/Ju. 

3  «.  (Jt)  -  u  (I)  i  <  C  (e)  C  (a.  6,  Q)  I  / 1]  l.; 

Jim  C  (t)  =  0. 


The  theorem,  close  to  theorem  1,  was  obtained  independently  by  B  V. 
Grushin. 
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A  PRIORI  EVALUATIONS  OF  SOLUTIONS  AND  SOLVABILITY  OF  GENERAL  BOUNDARY 
PROBLEMS  FOR  THE  LINEAR  ELLIPTICAL  EQUATIONS  OP  ARBITRARY  ORDER  WITH 
DISCONTINUITY  COEFFICIENTS. 

Z.  G.  Sheftel'. 

1.  In  report  are  investigated  general  boundary  problems  for 
linear  elliptic  equations  on  the  order  of  2  m  with  coefficients, 
which  have  first-order  discontinuities  on  some  smooth  surfaces,  with 
assignment  on  these  surfaces  of  specified  "conditions  for  coupling" 
for  limiting  values  of  unknown  functions  (boundary  conditions  and 
conditions  for  coupling  are  assigned  in  these  tasks  by 
general/common/total  linear  differential  operators).  From  of  this 
type  by  tasks  collide,  for  example,  during  the  construction  of 
mathematical  theory  the  diffractions.  In  the  report  these  tasks  are 
studied  with  the  help  of  the  a  priori  estimations  in  norm  and  in 
Hoelder  norms.  These  estimations  give  the  possibility  to  demonstrate 
the  existence  of  the  generalized  (strong)  solution  and  its  smoothness 
up  to  boundary  and  surface  of  discontinuity  of  the  coefficients. 


2.  Let  limited  region  G  of  n-dimensional  Euclidean  space  with 
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boundary  r  be  decomposed  into  two  parts  of  and  Gj  by  surface  7, 

which  does  not  have  from  r  common  points.  Let  us  introduce  direct 
sum  of  S.  L.  Sobolyev's  spaces  (G,)  +  u (G^)  =  u',  (/ >  0  —  whole, 

p>l)  with  norm  !iul,,p-  Each  element/cell  ur^wl,  can  be  represented  in 
the  form  u(x)*Ui  (x)  +  Uj  (*),  u,  t  W^p(G,).  We  will  use  also  spaces  of 
fractional  order  Wp  "(S)  11,21  and  space  €‘*’^(7)  with  Hoelder  norms 
I  u  rf.,  0  <  a  <  1.  Let  us  assume  still  G'^'*(G)=  ^'"‘'(G,)-!- ^'^“(Gj)  with  norm 
“  i/i.  - 1  u,  ifi',  -i-  i  u, 


Let  us  assign  the  elliptical  differential  operator  A  with  the 
disruptive  complex  coefficients 

uu)  (X)  =  1  ^  =  s  «;  M  (*> 

'  '  ^  (x),  X  fc  Gj,  ii^Kvn 

and  also  boundary  operators  (to  H  and  the  operators  of  coupling  (on 


5j;  =  S  (*)  (r  =  1,  2,  3;  fc  =  1 . h,  h  =  =  2m, 

if  =  m;  mj  =  m|  =  m*),  ( 


where  complex  functions  bi^(x),  b%^(x)  are  determined  on  y.  **ii(*)—  on_r. 


Theorem  1.  Let  us  assione  =  max  {2m,  m|;  +  1}.  l>li—  whole;  we 
will  assume  that  7  and  r—  class 
C*,  (i)eC''*™(G,),  {ip(x)6  C  (v)  (F)  {r  -  1,  2,  3).  Let  while 
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.4ueW^p‘*" ,  5ju,|^e  W",  *  ^  (T).  Bi»jf6W^p"**  ^  (P).  in  that  and  only 

that  case,  if  operator  A  is  correctly  elliptical,  and  operators  (2) 
cover^  it,  the  solution  of  "u"  enters  in  and 


:Jf(i 


Au 


IUim«p 


+ 


tm 
k^i 


i-m*-  y 


+  S 

I  p  j-=i 


J 


where  the  constant  K>0  does  not  depend  on  u. 


FOOTNOTE  *.  The  determination  of  covering  for  the  case  of 
discontinuity  coefficients  see  in  [3.4],  ENDFOOTNOTE. 

Theorem  2.  Let  us  assume  -  »ax  {2m,  «;},  l>  0<a<i;  we 
will  assvime  that  7  and  T—  class 

c'*‘,  oC  w  e  (Gr),  61,  (X)  ec'""*"*  (Y)  (H  {r  =  1.  2,  3).  Let  6  (G).  while 

Au  €  e  c'""*’"  (Y).  Ir  e 

Page  35. 

In  that  and  only  that  case,  if  operator  A  is  correctly  elliptical, 
and  operators  (2)  are  covered  his,  and 

( «  |?«  <  if  (mu  -i-  S  1  IB*«1  ^  S  1  iL»,.  +  I  a  I?) ,  (4) 

where  constant  K>0  does  not  depend  on  u. 


Both  these  theorems  are  proven  with  the  help  of  explicit 
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integral  formulas  derived  in  .  of  the  representation  of 
solutions  for  the  regions  of  the  special  type  and  operators  with  the 
constant  and  piecewise  constant  coefficients.  The  methodology  of 
proof  is  close  to  that  used  in  [2]. 

3.  Everywhere  sxibsequently  we  will  consider  that  —  i, 

r»l,  2,  3.  Let  us  designate  through  Wf*  (gr)  a  set  of  such 
for  which 

(flijul,  =*  =  0,  &  =  l . 2m,  (5) 

BjU  |r  =  0,  /  =  1,  .  ,  m. 

Is  obvious,  HT*  (gr)  “  siibspace  dense  in  lp(G).  By  considering 
A  as  operator  in  ft,  with  the  domain  of  definition  ^  = 

(gr),  let  us  introduce  the  adjoint  operator  A*,  which  functions  in 
(-^ 4- j  » l) .  Let  N(N*)  -  the  set  of  those  (reaj(^*)),  for  which 

Au»0(A*v»0) . 

Theorem  3.  Let  A  -  correctly  elliptical  operator  and  operators 
(2)  cover  him;  t  And  F—  surface  of  class 

C*" ,  «^  (*)  e  C  (C,).  (y)  (T).  Then  a)  A  -  the  locked  operator  with 

the  locked  in  range  of  values.^  M);  of  subspace  N  and  N*  are 
finite-dimensional.  In  other  words,  a  is  operator  (according  to 

the  terminology  of  Z.  Ts.  Gokhberg  and  M.  G.  Kreyk  [6]). 

Proof  is  based  on  estimation  (3)  (with  l*2m).  In  this  case  the 
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finite  dimensionality  of  N*  is  proven  with  the  help  of  Riesz  theorem 
about  the  completely  continuous  operators  by  the  construction  of 
"local  solutions"  and  estimation  of  their  norms  with  the  use  of 
theorems  of  insertion  and  inequality  (3). 

Corollary.  In  addition  to  the  conditions  of  theorem  27  and  r  — 
class  C*"”*  (« >  0  —  whole ) ,  a;;  (x)  e  C*  (G,).  (x)  e  c’"*’"**'  (y)  (F).  The 

boundary-value  problem 

Au  ^ u€fyr<rp)  (6) 

has  a  solution  and  that  case,  if 

/6  Wp.  (A^)  *=  O.where  subspace  is  finite-dimensional. 

Hence  with  the  help  of  the  theorems  of  insertion  and  estimations 
(4)  it  is  derived/concluded. 

Theorem  4.  Let  A  -  correctly  elliptical  operator  and  operators 
(2)  cover  him;  7  and  r  — •  class  t’*'"*'** (» >  0  —  whole, 

0<a<i),  (O  (r-=l,  2.  3);  let  US  consider 

task  (6)  with  if  Ifvdx^Q  for  all  (where  N»  is 

finite-dimensional),  then  task  (6)  has  a  solution  u p (G),  i.e. 
classical  solution. 

4.  Let  operators  (2)  be  normal  (see  [3,  4]). 
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In  this  case  (if  only  Y> f  and  coefficients  are  sufficiently  smooth) 
the  domain  of  definition  of  the  adjoint  operator  A*  is  determined  by 
conditions  of  type  (5),  A*  coinciding  with  formally  adjoint  operator 
A^.  This  gives  the  possibility  to  substantially  make  more  precise  the 
formulations  of  theorem  4  and  corollary  3. 
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HETEROGENEOUS  ELLIPTICAL  PROBLEMS  WITH  DISCONTINUITY  COEFFICIENTS  AND 
A  LOCAL  INCREASE  IN  THE  SMOOTHNESS  OF  THE  GENERALIZED  SOLUTIONS  UP  TO 
THE  BC’INDARY  OF  THE  REGION  AND  THE  DISCONTINUITY  SURFACE  OF  THE 
COEFFICIENTS. 


Ya.  A.  Roytberg. 


Let  G  -  limited  region  of  space  with  boundary  r;  G»  - 
subregion  G  with  the  boundary  7,  which  does  not  have  from  r  the 
common  points,  G,  =  in  G  is  examined  correctly  elliptical  [1, 

2]  expression  with  the  disruptive  complex  coefficients: 

S:  \\  t  -  *■ 

(^  =  (H„  .  .  ..  H,);  +  ZF  =  I?f' . 


On  7  i':  is  assigned  2m  pairs  of  differential  expressions^) »  ^ 

mj<2fn  —  1;  /  =  1, . . 2m;  i  =  1, 2),  while  on  T  — m  expressions 
S  (*)  ^  (*  6  T;  mj  ^  2ffi  —  1;  A  1, . . m).  Boundary  express  ions 

Il*K«} 

Rj.  ^  are  assumed  to  be  normal  ones  and  those  covering  differential 
expression  x  with  discontinuity  coefficients  [1,  2].  Let  us 
designate  through  **1  f:  y,  i  —  i,  2)  the  limiting  value  of  u(x)  from 
the  side  Gt;  i(R,u)  (*)!  =  (R}u,)  (*)  —  (R)u,)  (x)  (x  e  t.  /  =>  1. . . 2«). 
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Let  us  consider  the  bounds ry-value  problem 

(5fu)  (x)  =  t  (x)  (xe  G);  l(Sju)  (x)l  (x)  (xe  y);  (5Ju)  (x)  =  q)*(x)  (xe  T)  (1) 

(/  “*  •  •  •*  ^  ^  !•<  •  •!  /n). 

function  u(x)  is  called  the  strong  generalized  solution  of  task  (1), 
if  there  is  a  sequence  of  functions,  it  is  sufficient  smooth  ones 
in  Gi(i  =  i,2),  moreover  in  appropriate  norms 
\BjU,]  —  ijij;  (p^.  0  =  1, .  . 2m;  Ac  =  1, . . m).  In  the  work  are 

described  the  spaces,  between  which  closing/shorting  representation 

u— (iCu,.  . siu,  IBjul, . . is  homeomorphism.  Thereby  is  solved 

a  question  about  the  strong  generalized  solvability  of  task  (1). 

Page  37. 

Function  u  is  called  the  weak  generalized  solution  of  task  (1), 
if  it  satisfies  certain  integral  identity,  obtained  with  the  help  of 
Green’s  formula.  It  is  proven,  that  the  weak  generalized  solution 
will  be  strong,  and  strong  -  weak. 

Let  u  -  generalized  solution  of  task  (1)  and  let  G.  -  subregion 
6,  which  adjoins  piece  of  surface  r  and  which  contains  the  piece 
y,  of  surface  7.  If  into  the  coefficients  of  differential 

expressions,  and  also  function  are  more  smooth,  then  u  will  be 

in  G,y  f,  with  respect  to  smoother,  in  particular,  under  appropriate 
conditions  of  smoothness  u  it  will  be  the  classical  solution  of  task 


1^  II  ^  Mil  LI  iJmtliiBiijimHil 


b. 
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(1). 


Let  us  give  more  precise  formulations  of  the  described 
confirmations.  Let 

w;(G)  =w;(G,)®»n(6»): 

-  w,  (G)  ©  S  T  (P)  ©  S  "  (r); 

*-l  j-l 

and  the  closure  of  a  set  of  the  functions,  determined  in  y  S',, 

be  sufficient  smooth  ones  in  each  Gt,  according  to  the  norm 


(0) 


ft 

»  (D 


(T) 


(v—  normal  to  the  surface,  s  -  arbitrary  whole). 


In  the  simpler  case  of  the  absence  of  defect  is  valid  theorem  1. 

Let  us  consider  representation  A:  u-»- (2u; . £||,u; (diul, . . . , [5,„ul)  as 

operator,  who  fxinctions  from  in  Then  xinder  appropriate 

conditions  of  smoothness  closing/shorting  a  operator  a 
establishes/installs  the  homeomorphism  between  these  spaces  (with 
s:^2m  homeomorphism  establishes/ installs  A). 

Theorem  1  is  valid  also  in  the  case  of  the  presence  of  defect, 
is  necessary  only  instead  of  ^  and  to  examine  their 

appropriate  subspaces. 

Theorem  2.  Let  u6^(<—  integer)  -  the  strong  generalized 
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.  V  <l)  Let  e  -  subregion  G,  which  adjoins  piece  r.  ot 
solution  of  task  (1).  Let  G,  ...  igt 

surface  P*.  boundary  Go.  r.O P  =  P- G-H  V  - 

X(x)eC*(5)  be  nullified  in  certain  vicinity  m  G  o  se  o, 

Then,  it  x/ewr-'.G...  XT.e.v:--,rd  . . 

the  coefficients  of  differential  espr.sstons  ..  «<t-. . 

.  *  riir  thatXM6^^r(G»).  Analogous 
sufficients  smooth  into  C.yr..  that! 

confirmation  is  correct  in  the  case  whan  G.  contains  th  p  ec.  , 

surface  t.  Choosing  t(x)  identical  to  e.pi.1  to  1  on  part  G 
^  -1  'n/>T>ease  in  the  smoothness  of  the 

Obtain  confirmation  about  a  local  ^ 

generalised  ^  “  “.r’in  theorem  1,  homeomorphisms  are 

smoothness  it  is  significant  that  in  theo 

established/lnstalled  for  all  the  wholes  s. 
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2.  APPLICATION  OF  THE  SPECTRAL  THEORY  OF  OPERATORS. 


THE  SPECTRAL  THEORY  OF  OPERATORS  AND  SOME  QUESTIONS  OF  DIFFRACTION. 


V.  A.  Marchenko 
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ANALYTICAL  PROPERTIES  OF  RESOLVENTS  OF  ONE  BOUNDARY- VALUE  PROBLEM. 


Ye.  Ya.  Khruslov. 

In  the  joint  operation  with  V.  A.  Marchenko  we  examined  a 
question  about  the  propagation  of  the  oscillations/vibrations  through 
the  system  of  obstructions  {S„)  in  the  form  of  surfaces  S„,  located  in 
the  vicinity  of  Lyapunov's  certain  fixed/ recorded  surface  S,  on  which 
is  assigned  zero  boundary  condition. 


With  the  definite  requirements,  assigned  on  {S„k  the 
oscillations/vibrations  are  described  approximately  by  the  solution 
of  the  equation  of  Helmholtz 

Au  -i-  =  0  (i) 


in  the  region,  which  lies  out  of  surface  of  S,  with  following 
boimdary  conditions  on  S: 

U*  (X)  =  u-  (X)  =  u  (x), 


(jr)  du~  (JC)  .  /  N  /  , 

- =/(*)«  (*)• 


On , 


(2) 


Here:  f(x)  -  the  assigned  on  surface  of  S  continuous  positive 
function.  Signs  +  and  -  noted  the  limiting  values  of  functions  and 
their  normal  derivatives  in  accordance  with  one  and  other  side  of 
surface.  Normal  to  the  surface  of  S  is  directed  to  the  side,  noted  by 
sign  ♦. 
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In  the  report  is  examined  boxindary-value  problem  (l)'-(2). 

Primary  attention  is  given  to  the  study  of  the  analytical  properties 
of  resolvent  (Green's  function)  of  tas)c  as  the  functions  of  parameter 
k.  Surface  S  is  assumed  to  be  that  limited. 


Green's  function  task  (1)  -  (2)  with  Jm  k>0  can  be  represented 
in  the  form 


G(x. 


y, 


4  = 


1  ,«*|X-W| 

^  I  •»  —  V  i 


5 1  ■«  -  s  1 

3 


p(l.  y:  k)dst, 


where  x-y  -  distance  between  points  x  and  y  of  three-dimensional 
space,  y;  k)  -  certain  density  of  the  simple  layer,  distributed 

over  surface  of  S,  which  satisfies  the  integral  equation 

I  ir-T\  ^  ^  • 

s  ' 

Research  of  the  resolvent  of  this  equation  makes  it  possible  to 
establish/install  the  following  properties  of  Green's  function. 


1.  Function  of  Green  G(x,  y;  k)  of  task  (1)  -  (2)  -  holomorphic 
function  of  parameter  k  at  JnA;>ocan  be  analytically  continued  into 
lower  half-plane.  The  analytical  continuation  of  Green's  function  is 
no  longer  resolvent  of  task  (l)-(2)since  it  increases  with  x-*’«*. 
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In  the  lover  half-plane  k  function  G(x,  y;  k)  cannot  have  other 
special  features/peculiarities,  except  poles.  Thus,  G(x,  y;  k)  - 
meromorphic  function  of  parameter  k. 

Page  39. 


2.  Impxirtant  property  of  function  G(x,  y;  k)  is  the  fact  that 
its  poles  cannot  unlimitedly  approach  real  axis,  it  is  more  precise: 
there  is  this  negative  even  function  Y*F(X),  which  satisfies 
condition  Y-»— »  with  X-^®  that  all  poles  G(x,  y;  k)  can  lie/rest  at 
plane  k(X+iy)  only  lower  than  curve,  assigned  by  equation  Y»F(X).  If 
G(x,  y;  k)  has  poles,  then  they  are  arranged/located  symmetrically 
relative  to  imaginary  axis. 

The  following  property  of  function  G(x,  y;  k)  occurs  when 
surface  S  is  locked. 

3.  In  boundary  condition  (2)  let  us  place  f(x)*Xo(x).  Then  with 
the  sufficiently  large  X  function  G(x,  y;  k)  has  poles  which  with 
X— approach  the  poles  of  Green's  function  internal  relative  to 
surface  of  S  boundary- value  problem  under  the  zero  boundary 
condition. 


The  case  of  large  ones  X  is  most  interesting,  since  it 
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corresponds  to  the  sufficiently  dense  distribution  of  obstructions 
near  surface  of  S.  In  this  case  they  will  have  a  considerable  effect 
on  the  propagation  of  oscillations/vibrations. 

The  formulated  properties  of  Green’s  function  are  used  to  the 
research  of  the  behavior  of  solution  u(x,  t)  of  tha  wave  equation 
du>d*u/dt*  with  t— which  satisfies  to  certain  initial  data  and 
boundary  conditions  (2)  on  the  locked  surface  of  S. 

It  is  shown  that  with  any  finite  initial  data  u(x,  t)  fades  not 
more  slowly  than  and  there  are  always  such  initial  data,  with 

which  the  fading  will  occur  accurately  as  e'M,  where  /},  -  distance 
from  the  real  axis  to  the  nearest  to  it  pole  of  Green's  function  task 
(l)-(2). 

Analogous  research  is  carried  out  for  the  space  of  two 
measurements.  In  this  case  there  is  an  essential  difference: 
resolvent  is  a  meromorphic  function  of  parameter  k  in  the  complex 
plane  with  the  section/cut  along  the  negative  alleged  semi-axis. 
Therefore  fading  the  solution  of  wave  equation  it  occurs 
exponentially,  but  according  to  the  power  law. 
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BOUNDARY-VALUE  PROBLEMS  WITH  THE  PARAMETER  UNDER  THE  BOUNDARY 
CONDITION  (WAVEGUIDES,  OSCILLATION  OP  A  VISCOUS  FLUID). 

S.  G.  Kreyn,  G.  I.  Laptev. 

The  number  of  questions  of  vibration  theory  leads  to  the 
examination  of  boundary-value  problems  whose  unknown  parameter  X 
(eigenvalue)  enters  both  into  the  equation  and  into  the  boundary 
conditions. 

In  the  report  based  on  the  example  of  two  tasks,  one  of  the 
theory  of  waveguides,  another  of  the  vibration  theory  of  viscous 
fluid,  shows  the  need  for  research  of  the  spectrum  of  the  operational 
equations,  which  nonlinearly  depend  on  the  spectral  parameter.  To  the 
study  of  some  classes  of  such  equations  is  devoted  the  basic  content 
of  report. 

Page  40. 

1.  As  is  known,  process  of  propagation  of  waves  in  periodic 
cylindrical  waveguides  can  be  described  by  differential  equation 

examined/ considered  in  tube  dosMin  [0,  1]  xS,  where  S  - 
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two-dimensional  section  of  waveguide,  and  by  boundary  conditions 

« (I,  y,  =)  =  p"  (0.  tf,  zy, 

(i.  y.  =)  =  P»«x  (0,  y,  z)  (2) 

on  bases  G  and 


„!..0  or  ^1  =0 

r  On  1  r 

on  lateral  surface  r. 

Function  c  (x,  y,  z)  is  periodical  of  x  with  period  1. 

Equation  (1>  and  conditions  (3)  can  be  treated  as  a  special  case 
of  the  differential  equation 

£  -  xIm  —  a.  (0  <  i-<  i)  (4) 

in  the  Hilbert  space  La(S)  with  the  self-adjoint  non-negative 
operators  A  and  B  (x)  operator  A  is  not  limited). 

For  equation  (4)  can  be  constructed  the  theory  of  boundary-value 
problems  with  the  same  completeness  as  for  the  ordinary  scalar 
differential  equation.  The  use/application  of  this  theory  to  the 
task,  which  corresponds  to  boxindary  conditions  (2),  makes  it  possible 
to  compose  the  integral  equation  of  task  which  can  be  considered  as 
operational  equation  in  fiuiction  space  from  x  with  the  values  in 
La(S}.  This  operational  equation  linearly  depends  on  parameter  u*  and 
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it  is  nonlinear  from  the  parameter  p. 

Research  of  the  equation  indicated  gives  the  possibility  to  do  a 
series/rov  of  the  qualitative  conclusions/outputs  from  which  let  \is 
note  the  following:  1)  with  each  that  fixed/recorded  pfO  their  own 
and  associated  functions  of  task  (l)-(2)-(3)  form  complete  system  in 
G  region;  2)  with  that  fixed/recorded  u  multipliers  p  are 
symmetrically  arranged/located  relative  to  unit  circle,  but 
circle/circximference  themselves  them  it  is  located  not  more  finite 
number,  and  the  set  of  multipliers  can  have  only  two  condensation 
points:  0  and  •. 

These  results  supplement  research  of  M.  G.  Rrein  and  G.  Ya. 
Lyubarskiy  (see  PMM,  Vol  25,  Iss.  1,  1961). 


2.  Task  about  small  oscillations  of  heavy  viscous  incompressible 
fluid  in  open  container  (without  taking  into  account  surface  tension) 
reduces  to  system  of  equations  of  Navicr-Stokes 

^  =  vAu  —  Vpi,  div  M  «=  0,  (5> 


in  question  in  in  question  in  region  G  with  liquid,  with  boundary 


conditions 


«  (•)  » 

n  n  0  a«  cream  Fi  eocysa  a  , 

ir)  •  *■*  • 


Key:  (1).  on  the  wall.  (2)  container  and. 
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on  floating  surface  r,  of  liquid. 

Here  v=-^—  kinematic  modulus  of  viscosity,  Pi=^+gt*  where 
p  -  pressure,  p  -  density  of  liquid,  g  -  acceleration  of  gravity,  u  - 
coefficient  of  viscosicy/ductility/toughness. 

For  normal  oscillatory  mode  of  the  form 

u  (t,  X,  y,  2)  =  «-«▼  (x,  y,  z)  and  Pj  {t,  x,  y,  s)  =  (x,  y,  2) 

is  obtained  the  boundary-value  problem  whose  parameter  A  enters  into 
equation  and  boundary  conditions.  With  the  use  of  theorems  of  the 
insertion  of  Sobolyev  and  the  Korn  inequality  the  task  is  reduced  to 
the  research  of  the  solutions  of  the  operational  equation 

VT  =  XPr  +  X  Qr,  (7) 

where  P  and  Q  -  self-adjoint  non-negative  completely  continuous 
operators  in  the  Hilbert  space  Lj(G). 

This  equation  was  studied  in  the  work  of  N.  G.  Askerov  and 
lecturers  (DAN  USSR,  Vol.  155,  No  3,  1964). 

Research  of  equation  (7)  leads  to  the  following  qualitative 
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conclusions:  there  is  a  denumberable  nvimber  of  normal  oscillatory 
mode,  all  normal  oscillatory  mode  are  aperiodic  motions,  with 
exception,  perhaps,  a  finite  number  of  damped  oscillations;  with  the 
sufficiently  high  viscosity  there  are  no  oscillatory  motions.  Normal 
oscillatory  mode  and  solutions  connected  to  them  form  complete  in 
complete  in  vector-function  system,  their  vertical  components  forming 
complete  system  of  functions  on  floating  surface  r,. 

Both  theorems  about  the  completeness  in  points/ items  1  and  2  are 
obtained  on  the  basis  of  the  f2uniliar  Keldysh  theorem  <OAN  USSR, 

1951,  77,  Mo  1). 
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SOME  QUESTIQMS  OF  THE  THEORY  OF  LINEAR  OPEN  SYSTEMS. 

M.  S.  Livshits. 

It  is  known  that  the  tasks  of  the  propagation  of  waves  in  the 
linear  closed  systems  lead  to  the  self-adjoint  operators  and  they  are 
solved  by  resolution  in  the  series  (or  integral)  of  Fourier  in  terms 
of  the  natural  oscillations  of  these  systems.  Thereby  is  given  the 
simple  and  fruitful  model  of  closed  system  in  the  form  of  the  set 
(discrete/digital  or  continuous)  of  the  not  interacting  between 
themselves  oscillators.  However,  for  the  systems,  which  interact  with 
the  external  world,  this  model  is  applicable  only  in  the  rare  cases. 
Arises  the  important  question  about  the  resolution  of  open-circuited 
system  into  the  simplest  composite/compound  component  parts. 

Let  us  agree  the  physical  system,  connected  with  the  external 
world  by  any  communication  channels,  to  call  open  system. 

Examples  of  the  open  systems  are  numerous.  They  include 
mechanical,  electrical  and  electromechanical  multiterminal  networks, 
different  radio  engineering  communications  -  antenna,  waveguides  with 
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the  branchings  off  and  the  heterogeneities,  cavity  resonators  with 
the  deriving/concluding  devices/equipment,  etc.  In  quantviin  physics 
these  systems  appear  in  the  form  of  the  compound  nuclei,  which  are 
formed  during  the  collisions  of  different  particles.  Furthermore,  in 
many  instances  different  parts  of  this  closed  system  can  be 
considered  as  the  open  systems,  connected  with  each  other  by  the 
communication  channels.  The  important  role  of  open-circuited  systems 
in  different  regions  of  physics  causes  the  necessity  for  the  separate 
theory,  which  considers  interaction  of  system  with  the  external 
world. 


Report  is  dedicated  to  the  explanation  of  some  characteristic 
features  of  the  theory  of  the  linear  open  systems.  Naturally,  in* this 
theory  mxist  play  large  role  the  non-self-adjoint  operators.  It  proves 
to  be,  however,  that  the  concept,  adequate  to  the  open  system,  is  not 
the  operator,  but  more  complicated  mathematical  format ion/ education  - 
operational  complex  or  node/unit. 

In  many  questions  the  set  of  the  communication  channels  can  be 
described  by  linear  differential  equations  or  in  the  partial 
derivatives.  Thus,  for  instance,  as  the  equations  of  channels  for  the 
electrodynaraic  systems  can  serve  the  equations  of  Maxwell  in  the 
empty  space,  and  in  quantum  physics  -  wave  equations  of  free 
particles.  Bach  type  of  the  communication  channels  generates  a 
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defined  class  of  those  allied  to  these  channels  of  the  open  systems. 

We  will  be  occupied  by  the  following  two  tasks: 

1.  Are  assigned  signals  at  the  input  of  system  F,  it  is 
necessary  to  find  the  oscillations  of  system  itself  and  signals  on 
the  output. 

Page  42. 

2.  Observer,  who  is  located  out  of  system,  sends  by 
commxinication  channels  signals.  These  signals  are  processed  by  system 
and  are  returned  to  the  observer.  It  is  necessary  to  construct  the 
model  of  system,  equivalent  to  system  itself  from  the  point  of 
observer's  indicated  view.  It  is  also  necessary  to  find  the 
dependence  between  the  motion  of  model  and  motion  of  system  F.  In 
this  case  must  be  previously  indicated,  what  elements/cells  can  be 
used  for  the  construction  of  model. 

One  of  the  main  results  lies  in  the  fact  that  under  specific 
conditions  each  open  system  is  decomposed/ezpanded  into  the 
chain/network  of  the  connected  elementary  (one-dimensional)  systems, 
moreover  a  ntunber  of  communication  channels  between  the 
components/1 inks  of  chain/network  is  equal  to  a  number  of  channels. 
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which  combine  entire  system  with  the  external  world.  The  study  of 
these  chains/networks,  included  within  the  open  systems  and  the 
external  communication  channels  appearing  as  continuation,  proves  to 
be  useful  in  different  questions. 

Let  us  note  that  in  the  case  of  closed  system  this  resolution  is 
converted  in  the  known  resolution  in  terms  of  the  independent  natural 
oscillations  of  system.  A  number  of  communication  channels  in  this 
case  is  equal  to  zero.  Are  examined  also  some  tasks  of  analysis  and 
the  synthesis  of  the  open  or  closed  systems  with  the  help  of  the 
assigned  elementary  systems  and  such  elementary  operations  as 
cohesion/ coupling  and  splitting/fission  of  systems,  and  also  the 
opening  of  new  ones  and  the  closure  of  the  old  communication 
channels. 


..a.;— to, 
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NONSELF-ADJOINT  OPERATORS  IN  THE  THEORY  OF  ELECTRICAL  CIRCUITS. 

A.  G.  Rutkas. 

Are  examined  the  transmitting  reactive/jet  multiterminal 
networks  with  the  lumped  parameters  (replacement  scheme  of  the 
waveguide  articulation  of  complex  configuration,  filters,  etc.). 

Their  oscillations  are  studied  from  the  point  of  view  of  the  open 
systems  of  M.  S.  Livshits. 

On  the  diagram  is  constructed  the  linear  non-self-ad joint 
operator  T,  characteristic  matrix/die  -  function  of  which  coincides 
with  the  transmission  matrix/die  of  multiterminal  network.  With  the 
help  of  T  it  is  possible  to  find  also  the  internal  state  of 
multiterminal  network  from  the  assigned  input;  to  indicate  equivalent 
chain  of  the  simplest  multiterminal  networks;  to  use  for  studying  the 
oscillations  spectral  analysis  of  the  non-self-adjoint  operators. 

1.  Let  multiterminal  network  F  contain  N  of  concentrated 
elements/cells  (inductance  and  capacities/capacitances  c*),  m 
external  input  branches  and  m  output  ones  (2m«2).  Currents  and 
stresses/voltages  input  branches  we  consider  the  components  of 
input  vector  At  output  <d  respectively  is 
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constructed  output  vector  <5'’*=  ( /«'.—» /i*’)-  vector  of 

internal  states  is  defined  as 

=  (V  L^Ju,  •  •  • .  V cs)> 

sc  that  the  square  of  its  norm  is  equal  to  the  doxibled  energy  of 
system. 

Page  43. 

The  basic  task  -  of  supplying  in  the  conformity  to  multiterminal 
network  <j>  the  non-self-adjoint  operator  T  so  that  would  be  fulfilled 
the  relationships/ratios: 

n 

^  =  S  (i*’  (1) 

n 

(r  —  «/)  =  2  <pSr’  e,;  (2) 

n 

,(+)  =  ,0  _  i  2  e.)  J  a„  (3) 

where  vectors  with  the  help  of  they  were  which  it  is  established  a 
correspondence,  are  called  canal;  matrix/die  y  =  {|y,r4l  possesses 
properties  J»J*,  J*»I;  -  components  the  vectors 

?<->.  a,  =  (1,0,  0) .  a,=«(0,  0,  ...,  0,  1). 

The  posed  problem  is  solved  by  theorem  1.  To  multi terminal 

network  <d  can  be  supplied  in  the  conformity  the  only  operator  T, 
conditions  (1),  (2),  (3)  then  and  only  then  when  ([>  accomplishes 
satisfying^single  transmission  at  the  infinite  frequency,  and  the  set 

of  capacitive  and  input  branches  are  partial  tree/wood^  the  set  of 
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capacitive  and  output  branches  -  also  partial  trec/vood. 

FOOTNOTE  Partial  tree/wood  is  called  the  tree/wood,  which  is  the 
part  of  the  graph/ count  (multigraph)  and  which  contains  all  its 
apexes/vertexes .  ENDPOOTNOTE . 

For  the  recording  of  operator  T,  canal  vectors  and  matrix/die 
J  according  to  the  form  of  multiterminal  network  it  is  possible  to 
give  the  standard  rules,  which  do  not  require  calculations.  The 
self-adjointness  of  operator  T  occurs  with  some  special  geometric 
relationships/rat ios . 

Theorem  2.  If  multiterminal  network  <i>  does  not  satisfy  the 
conditions  of  theorem  1,  then  by  the  addition  of  a  finite  number  of 
concentrated  elements/cells  it  is  possible  to  correct  this  position 
(it  is  structural/constructural ) ,  moreover  the  electrical  state  of 
obtained  multiterminal  network  how  conveniently  differs  little 
from  the  state  of  initial  (P. 

2.  Analogous  results  are  established/ installed  for  circuits  with 
mutual  inductance.  Is  used  the  apparatus  for  theory  of  graphs. 


3.  Constructed  operator  T  is  applied  for  following  purposes: 
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a)  representation  of  multi terminal  network  o  in  the  form  of 
chain/network  of  simplest  multiterminal  networks  (realized  or  not 
realized) ; 

b)  calculation  of  frequency  characteristics  of  circuits.  Thus, 
the  transmission  matrix/die  S((j)  of  multiterminal  network  o,  which 
satisfies  the  conditions  of  theorem  1,  can  be  represented  by  the 
formula: 

S(<0)^  I  —  ,1  ((T  —  e.,  tf)  J  /; 

c)  the  study  of  oscillations  with  arbitrary  input 

signal  y->  (:). 
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EXPANSION  OF  THE  GROWING  FUNET/dA^i  OF  THE  EIGENFUNCTIONS  OF  THE 
NON-SELF-ADJOINT  OPERATOR  AND  TASK  OP  DIFFRACTION. 

Yu.  I.  Grosberg. 

In  the  present  work  is  examined  the  scalar,  stationary  task  of 
diffraction  on  the  limited  body  in  the  space  of  any  number  of 
measurements.  The  difficulties,  which  appear  during  the  mathematical 
research  of  this  task,  are  partially  connected  with  the  continuity  of 
its  spectrum  and  the  unlimitedness  of  the  resolving  operator 
resultant.  This  difficulty  can  be  surmounted  by  introduction  to  the 
scalar  product  of  the  properly  selected  weight  factor. 

1.  Let  us  consider  in  space  n  of  variable/alternating  locked, 
sufficiently  smooth  (n-1)  -dimensional  diversity  (H  and  region  (Q), 
external  for  it.  Let  us  designate  through  H  the  Hilbert  function 
space,  assigned  on  (8),  with  the  scalar  product 

(«,  V)  =  5  Ht'pcfu.  (*) 

(01 

Weight  function  p>0  decreases  at  infinity  as  >-•,  l<a^2  (r  -  distance 
from  fixed/recorded  point  o  e~(8)). 


Page  44 
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Let  L[u]  -  closing/shorting  the  operator,  determined  by  the  formula 

(2) 

on  the  functions  from  H,  twice  continuously  differentiated,  which 
have  that  satisfy  on  (F)  the  boundary  condition 

and  the  conditions  of  radiating/emitting  Sommerfield  in  the  form 

iku  =  o{r'~).  (4) 

It  is  assiimed  that  um  ^>0.  During  the  proper  limitations  to  the 
real  functions  p,  k,  a  is  valid  the  following  theorem.  Operator  L[u] 
'  J-  self-adjoined  has  purely  discrete  spectrum,  arranged/located  in 
the  lower  half-plane.  Equation  L  [u]  «w  is  solved  with  any  and 

inverse  operator  is  completely  continuous  (according  to  the  norm, 
generated  (1)). 

In  metric  H  it  is  convenient  to  consider  (through  the  norm  of 
operator  L"*)  the  errors,  which  appear  with  approximate  solution  of 
the  tasks  of  diffraction. 

2.  If  (D  -  sphere  of  radius  a,  k  and  a  are  constant,  then 
conveniently  to  take  p*r**  and  to  introduce  spherical  coordinates. 
Then  operator  L  [u]  has  eigenvalues 

—  Pj5  Pi  ^  i»  2,  •  •  i  L(5) 


.*1 
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where  v«  —  eigenvalue  of  Laplace's  operator  on  the  sphere,  and  Up¬ 
root  of  the  equation 

oe8a«-^j^o  *  +8inao  •  i5f^**(fco)  =  0.  (6) 

The  corresponding  eigenfunctions  will  be 

“p.  <  =  (*'■).  (7) 

X_* 

where  y,—  spherical  function.  Radial  eigenfunctions  »p  -  r  *^(Jfcr) 
were  introduced  by  Sommerf ield  [1]. 

3.  B.  M.  Levitan  and  I.  S.  Sargsyan  [2]  showed  that  under 
specific  conditions  in  Fourier  series  according  to  eigenfunctions  of 
operators  on  [0,  •)  it  is  possible  to  expand  functions,  which  do  not 
belong  L^***  and  even  increasing  by  infinity.  Analogous  facts  occur 
with  respect  to  expansions  in  terms  of  functions  Vp.  This  makes  it 
possible  to  use  to  the  tasks  of  diffraction  the  method  of 
eigenfunctions  in  the  form,  proposed  by  G.  A.  Girnberg  [3]. 

Page  45. 

Let,  for  example,  (1).-*  sphere  of  radius  a,  and  k  and  a  be 
constant.  It  is  necessary  to  solve  the  eq\iation 


Ab  w 


(8) 
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infinity  of  the 

(9> 

where  u,  -  assigned  "incident  wave”.  Solution  can  be  represented  in 
the  form  a^HXpVp,  where  Xp  depend  only  on  angular  coordinates.  For 

P 

determining  these  coefficients  is  obtained  the  equation 

—  [(^^)  *  —  S  l^^p|-*-l  Pp  —  1*0,  j 

(10^ 

and  the  condition  of  smoothness  on  the  entire  sphere.  In  this  formula 
d  •  Laplace's  operator  on  the  sphere,  and  Ap~  normalizing 
constants.  Limit  in  right  side  (10)  can  prove  to  be  the  generalized 
function.  If  the  incident  wave  is  flat/plane,  then  the  obtained 
resolution  coincides  with  the  fact  which  usually  is  obtained  with  the 
help  of  the  transformation  of  Watson. 

Analogous  formulas  can  be  obtained  for  the  case  when  (F)  — 
ellipsoid. 
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under  the  conditions  (3)  on  (F)  and  the  condition  at 
form 

_  /*  («  _  =  o  (r‘  X). 
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EXPANSIONS  IN  TERMS  OF  THE  FUNCTIONS  CONNECTED  WITH  THE  WATSON 
TRANSFORM. 

V.  F.  Lazutkin. 

In  the  vorK  are  examined  the  eigenfunction  expansions  of  the 
following  task: 

y*  +(l— =  0  (1) 

on  the  semi-axis  0<a<x<+«'  with  the  conditions 

y  (a)  =  0,  y  (x)  =  (I  +  o  (1)).  (2) 

The  role  of  the  spectral  parameter  plays  v*.  ^(x)  it  is  limited 
it  is  of  the  order  *>0. 

Resolutions  of  this  form  are  encountered  with  the  solution  of 
the  tasks  of  diffraction  on  the  infinite  elliptical  (in  particular, 
circular)  cylinder,  sphere,  etc. 

In  the  work  is  proven  the  completeness  of  the  system  of  the 
eigenfunctions  of  task  in  Hilbert  space  je  of  the  functions, 
quadratic-integrated  in  by  weight  1/x*  on  [a,  +•]. 


In  spite  of  completeness,  it  proves  to  be  that  for  "good" 


Let  us  introduce  into  3(  operator  L,  assigned  by  the 
differential  expression 

hj  =  r  {/  -T  —  q  (x))  yl  +4"  '•> 

on  the  functions  from  JC,  which  satisfy  the  conditions: 


1)  y  and  y*  is  absolutely  continuous, 

2)  ly  Q  3t, 

3)  y  (o)  =  0, 

4)  lim  \V  (i/„  y)  ^  0, 


(4) 


where  W  ~  Wronskian,  a  y^  -  solution  of  equation  (1),  which  satisfies 
radiation  condition;  (l  +  o  (i))  with 


The  resolvent  of  operator  L 
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=  (5) 

a 

is  meromorphic  function  X.  G(x,  X)  -  Green's  function  of  operator 
(3),  (4). 


The  pole  of  resolvent (the  eigenvalues  of  task)  they  have  the 
following  asymptotic  behavior: 

If  we  from  the  plane  X  reject  the  vicinities  of  the  poles  whose 

boundaries  are  assigned  by  the  expression 

V  In  =  V„ln  ^  4-  re‘»,  r  <  n/2,  0  <  9  <  2n, 


then  in  the  remaining  part  of  the  plane  are  valid  the  following 
estimations  of  the  norm  of  the  resolvent,  considered  as  operator  from 
3{  and  C. 


With  lmX<0 


5^x|lc 


=  sup 
•<*<+«> 


(7> 


With  ImX>0  in  the  field,  included  between  the  negative  part  of  the 
real  axis  and  the  line  of  poles. 


In  the  remaining  part  of  the  upper  half-plane 
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&iven  estimations  give  the  possibility  to  demonstrate  the 
completeness  of  their  own  and  associated  functions  L  in  a  following 
manner . 


Let  us  introduce  on  the  domain  of  definition  L  operator  T(t) 
(t>0)  from  the  formula 

— »0-f-00 

7’W/  =  /  +  t|-  \  (10> 

-id— 00 

Page  47. 

Xt  is  assumed  that  all  special  features/peculiarities  lie/rest 
above  the  duct/contour  of  integration.  Are  proven  the  following  two 
facts: 

1)  lim|r(0/-/5c  =  0 

(9 11^'  designates  the  maximum  of  modulus/module); 

—<0+00 

2)  SS  S  =  -  /  (^)  +  S  R« 

— to— oo  It 

moreover  series/row  on  the  deductions  descends  evenly  on  x. 
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SPECTRAL  THEORY  OF  NON-SELF-AD JOINT  DIFFERENTIAL  OPERATORS  AS  APPLIED 

« 


TO  THE  STUDY  OF  PROCESSES  IN  A  ONE-DIMENSIONAL  MEDIUM. 


V.  F.  Zhdanov ich. 

Let  the  process,  which  occurs  in  the  one-dimensional  medium,  be 
described  by  the  system  of  the  differential  equations 

m 

=  0.  (1). 

*=*0 

where  l^u  (x,  /)  =  2  “  («.  0  (A  =  0,  l, . . .  m)~  ordinary  differential 

operators  with  the  complex  matrix  coefficients  above  the 
n-dimensional  vector  function  u(x,  t).  We  will  distinguish  two  cases: 
1)  medium  the  limited  and  space  coordinate  x  is  changed  on  segment 
[0,  1]  and  2)  medium  not  limited  and  x  is  changed  either  on  entire 
real  axis  (-•<x<+*)  (case  2a) ,  or  on  semi-axis  (0^x<+»)  (case  2b). 

In  case  1)  let  are  assigned  the  boundary  conditions  of  the  form 

v  ^  Tu  (0,  t)  +  iW,*ra  (1.  01  =  0,  (2). 

where  p  can  be  any  whole  non-negative  number  (in  particular,  it  can 
be  p>m),  JWu(»  =  0,l;  k"0,  1,  ...  p)  -  constant  matrices/dies  with  the 

complex  elements/cells,  ru(0,  0  and  ru(i,  o~  value  at  points  x«0  and 
x>l  (respectively)  the  differential  operator 
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translating  the  n-dimensional  vector  function  u{x,  t)  into 
nq-dimensional  vector  function  Tu  (r,  /).  q  =  max  m  1, . .  .  m). 

In  the  case  2a)  let  are  assigned  asymptotic  "boundary 
conditions".  For  example,  let  occur  one  of  the  following  cases:  for 
each  t>0  function  —  u  (x, /)  (A  =  o,  1, . . m  —  i)  1)  it  is  quadrat^cally 
STommarized,  2)  are  limited,  3)  have  the  previously  prescribed 
asymptotic  behavior,  etc. 

In  the  case  of  2)  are  combined  asymptotic  boundary  conditions 
with  the  boundary  condition  of  form  (-)  with  x»0. 

In  all  cases  the  process  is  managed  by  the  assignment  of  the 
initial  conditions 

-I).  (3> 

ot 


Page  48. 

The  mathematical  task  whose  solution  is  considered  in  the 
report,  lies  in  the  fact  that  to  represent  the  process  (function  u(x, 
t)described  above)  in  the  form  of  the  sum  of  the  waves  of  the 
following  form:  //*  (x)<*  (k  =  0,  l....),  where  y*  (f)  —  complex-valued 


I 
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function  from  x  and  X  -  complex  number. 

Without  limiting  generality,  it  is  possible  to  consider  that 
m-1,  since  always  this  it  is  possible  to  achieve  by  the  introduction 
of  new  unknown  functions.  Then,  supplying  function  „  (r,  t)  (or 

function  u  (x,  t)  -  {x)  with  k>0)  equation  (3  '  and  boundary 

conditions  (2),  we  obtain  for  determining  of  y,(x)  and  X  (or  yn  U) 
and  X  with  k>0)  spectral  task,  i.e.,  the  task  to  eigenvalues  and 
eigenfunctions,  which  we  will  examine  in  certain  banach  space,  to  a 
considerable  degree  determined  by  the  character  of  boundary 
conditions.  To  research  and  solution  of  spectral  problem  it  is 
possible  to  apply  the  changed  theory  of  the  non-self -ad joint 
operators,  developed  in  such  works  as  work  [1],  [2],  etc.  In 

I 

accordance  with  this  theory  is  constructed  the  operator-significant 
function  £(0),  argument  of  which  are  the  subsets  Q  of  the  complex 
plane  Z,  and  by  values  k  -  projection  (i.e.  such,  that  E*(n)“E(0)) 

I 

operators,  who  function  in  the  banach  space  about  which  it  was 
mentioned  above,  and  certain  nilpotent  operator  N  from  the  same 

( 

space.  In  this  case  by  nilpotent  operator  is  understood  the  bounded  ' 

operator,  for  which  there  is  an  integer  k,  such,  that  A*- =-- 0  and 
y*,-i=p0.  Function  E(0)  proves  to  be  additive,  i.e.,  for  the 

non  intersecting  sets  and  Q,  ECOiUQ,  }«E(0i  )-^E(8j } ,  which  gives  the  | 

i 

possibility  to  consider  as  the  its  generalization  of  measure  of  a  set 
and  to  construct  for  it  the  generalization  of  Stieltjes's  integral. 
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Then  representation  of  function  u(x,  t)  required  in  the  task  in  the 
form  of  the  sum  of  the  waves  of  form  indicated  above  (if,  of  course, 

it  occurs)  is  given  by  the  formula 

*•- 1 ,  * 

“(^.0=25  ‘V»  ^  e*dE  (Q)  /„  (X),  (4) 

0  z 

where  Z  -  complex  plane.  But  it  is  necessary  to  say  that  there  are 
the  processes  for  which  problem  stated  above  has  a  solution  not  for 
any  initial  conditions,  but  even  if  has  solution,  then  in  certain 
generalized  sense  (for  example,  improper  integral  (4)  it  can  diverge 
and  then  for  obtaining  with  formula  (4)  of  function  u(x,  t)  it  is 
necessary  to  use  one  or  another  the  method  of  the  addition  of  the 
divergent  integrals).  Lecturer  carried  out  research  of  task  when 
equation  (1)  and  boundary  conditions  (2)  satisfy  further  conditions. 
If  O^x^l,  then  task  is  investigated,  for  example,  in  the  following 
cases:  1)  m«l,  m,«l,  mi*0,  p>l  (these  research  are  partially 
published  in  the  work  [31]);  2)  m»l,  m,»l,  mj»0;  3)  m»l,  mi«0,  p«0; 

4)  m-1,  m,-0,  mi-1,  p»l,  etc.  If  -  •<x<+  •  (or  0^x<+o*) ,  then  task  was 
investigated  with  m«l,  mj-O  and  during  the  further  limitations  to  the 
coefficients  of  equation  (1).  For  example,  with  m,>l  it  was  assumed 
that  coefficient  Ai,(x)  the  constant,  and  coefficients  and 

A,,(x)  belong  to  space  L(-*,  +«•)  (or  L(0,  •)  in  the  case  2c),  or  it 
was  assumed  that  coefficient  Ai«(x)  constant,  and  coefficients  A,i(x) 
and  A,,(x)  are  periodic,  etc. 
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NUMERICAL  ESTIMATIONS  OF  EIGENVALUES  OF  TKE  NON-SELF-ADJOINT  LINEAR 
DIFFERENTIAL  OPERATOR  OF  THE  SECOND  ORDER  WITH  PERIODIC  COEFFICIENTS. 

M.  I.  Serov. 

Is  examined  the  equation 

y*  -  p  (*)  y'  +  —  ?  (*)1  y  =  0.  (i) 

where  p(x)  and  q(x)  -  complex  periodic  functions  the  real  variable  x: 
p  (x+l)«p(x),  q(x+l)«q(x).  Coefficients  are  such,  that  the  invariant 
of  equation  (1) 

-  the  piecewise-continuous  function  with  the  bounded  variation  in  the 
period.  Eigenvalue  of  operator  (1)  we  will  call  similar  X,  with  which 
equation  (1)  has  at  least  one  limited  along  the  entire  real  x  axis 
solution.  Set  of  eigenvalues  let  us  name  the  spectriim. 

In  [1]  and  [2]  it  is  proved  that  if 

1 

5  Re  p  (*)  dz  0,  (2) 

0 

then  the  spectrum  consists  of  a  finite  number  of  limited  components, 
each  of  which  is  homeomorphic  circle/circumference,  and  one  unlimited 
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component,  which  asymptotically  flows  together  with  the  parabola 
whose  axis  is  parallel  to  real  axis  X  -  plane.  The  infinite  branch  of 
this  parabola  is  directed  to  the  side  of  the  positive  part  of  the 
real  axis.  Hence  follows  the  existence  of  at  least  one  real 
eigenvalue  of  the  task  in  question.  In  addition  to  those  being  in  [1] 
and  [2]  qualitative  by  research  and  asymptotic  estimations  let  us 
give  some  numerical  estimations. 

Without  resorting  to  generality,  it  is  possible  to  consider  that 

1 

5  Q  (x)  dx  =  0.  (3) 

Let  us  designate  X«k>.  Characteristic  equation  can  be  registered  in 
the  form 

I 

COS  “  Y  ^  Z'  —  cos  k  ~ 

so  1  *n-i 

n— t  i  , 

X  {n  9  (*j)  i*  (*j-i — ('*) 

Page  50. 

Here  t  -  real  parameter,  0<$t<2x.  Series/row  in  right  side  (4) 
descends  evenly  and  absolutely  within  any  band  complex  k  ■*  plane, 
parallel  to  its  real  axis. 
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Using  different  majorants  for  this  series/row,  it  is  possible  to 
obtain  numerical  estimations. 


Without  giving  linings/calculations,  let  us  point  out  upper 
limit  maximum  real  eigenvalue  under  the  conditions  (2)  and  (3): 


X 


wetu 


!i - 

j 

—  — 


(5) 


Let  us  point  out  also  estimation  for  the  alleged  part  of 
eigenvalue  in  the  case  when 

I 

^  Re  p  (x)  dz  =  0. 


In  this  case  the  spectrum  consists  of  a  denumberable  number  of 
segments  of  certain  analytical  curve,  which  asymptotically  approaches 
under  condition  (3)  a  real  axis  X  -  plane.  The  spectrum  is  limited 
then  to  the  left,  on  top  and  from  below.  As  shown  in  [1],  and  [2], 
max  I  Im  X I  <  sup  I  Im  <7  (x)  |.  Using  this  estimation  and  after  selecting  the 
appropriate  majorant  for  series/rov  (4),  we  will  obtain  as  upper 
bound  forllmxithe  function,  which  monotonically  vanishes  with 
increase  ReX. 


Designations:  v  -  total  variation  Q(x)  in  the  period, 

Af  «  sup  19  (*)!,»  =  sop  I  la  9  (*)  I.  r  =  ReX.  Then  with  r>2v  ch(m/r)  we  have 
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[ImXl<4 - 

t' ' 


f - 

!/■ 

P'  r  —  2i>  ch  — 


(6> 


Estimations  (5)  and  (6)  allow/ass\sne  decrease.  However,  the 
order  of  tendency  toward  zero  functions  in  the  right  side  of  the 
estimation  of  type  (6)  can  be  changed  only  during  the  imposition  of 
the  further  conditions  of  smoothness  on  Q(x). 
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3.  Integral  equations. 

On  the  methods  of  solving  integral  first-order  equations. 

A.  N.  Tikhonov. 

i 

I 

I 

i 

I 

I 

1 

I 
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I 

I 

I 
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I 

I 

( 

I 


1 


DOC  -  82036003 


PAGE 

Paired  integral  equations  and  solution  of  some  problems  of  the  theory 
of  wave  diffraction. 

Yu.  V.  Gandel'. 

Many  boundary- value  problems  for  the  equation  of  Helmholtz  are 
reduced  to  the  paired  integral  equations  the  form 

CO 

5  S  (X)  7.  (Xr)  (X*  -  ky  rfX  =  /  (r)  (0  <  r  <  a). 

CD 

5  5(X)/,(Xr)dX«y(r)  (r>a), 

where  integer  v>0,  and  also  numbers  k>0  and  tasks 

/3>-l/2  interesting  us)  are  assigned.  Somewhat  simpler  equations  (k«0) 
are  encoxintered  in  the  theory  of  potential. 

To  the  theory  of  these  equations  are  devoted  sufficiently  many 
works  [1,  2,  7].  It  is  characteristic  that  large  role  in  the  works 
indicated  play  some  of  N.  Ya.  Sonin's  formulas  [3].  From 
theoretical-functional  apparatus  here  found  use,  on  one  hand,  [1,  2, 
5]  the  generalized  integral  representations  of  Wiener-Paley,  with 
another  [7]  -  the  methods,  connected  with  the  problem  of 
Gilbert/Hilbert  and  finally  technician  Wiener-Hopf. 


The  tasks  to  which  this  apparatus  is  applied,  are  sufficiently 
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special  (infinitely  thin  shield  with  the  circular  opening/aperture  or 
the  slot,  the  presence  of  the  specific  symmetry  of  field). 

However,  in  these  cases  the  method  of  the  paired  integral 
equations  leads  to  the  very  efficient  results. 

In  the  report  is  stated  the  method  of  solving  of  paired 
equations  or  their  reducing  to  the  regular  equation  of  Fredholm  for 
the  function,  through  which  the  unknown  function  S(X)  is  expressed 
with  the  help  of  Wiener-Paley 's  generalized  formula.  For  example,  in 
the  case  of  diffracting  the  sound  on  the  circular  disk,  which  reduces 
to  the  equations 

oo 

I C  (X)  (Xr)  XrfX  «  1  (0  <  r  <  a). 

0 

f  C(X)  y,(Xr)-^,  -0  (r>.). 

the  unknown  function  C(X)  is  represented  in  the  form 

C  (X)  =  y  i  ^  A  (s)  8in  (s  V X*  ■— 

where  h(s)  satisfies  the  equation  of  Fredholm 

* (-■) - -rS { ”'■ 


This  integral  equation  was  for  the  first  time  obtained  in  works 
[5,  2]  and  recently  by  complately  different  method  in  work  [41. 


1 
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The  same  equation  is  encountered  in  work  [5]  with  construction 
of  first  approximation  in  the  vector  task  of  diffraction  which 
earlier  was  examined  in  work  [6]. 

In  the  report  is  given  new  solution  of  the  problem  of 
diffracting  the  electromagnetic  waves  in  circular  opening/ aperture  in 
the  flat/plane  shield,  moreover  also  by  reducing  to  the  same  to 
integral  equation  which  is  necessary  to  decide  under  two  different 
right  sides  and  some  further  conditions.  These  conditions 
project/emerge  here  instead  of  the  conditions  of  Mayksner  and  they 
completely  naturally  appear  with  the  solution  of  problem  with  the 
help  of  the  paired  integral  equations. 


In  conclusion  are  analyzed  different  approaches  with  the  help  of 
the  paired  integral  equations  to  the  task  of  diffraction  in  slot, 
including  solution  in  the  locked  form,  obtained  recently  in  work  [7]. 
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One  task  of  diffracting  the  acoustic  wave  for  the  multiply  connected 
and  laminar  regions. 

D.  Z.  Avazashvili. 

Let  there  be  in  the  infinite  space  the  nonintersecting  regions 
Ti,  T,,  Tn,  limited  by  surfaces  of  S^,  S,,  ...,5*,  moreover 

each  and  regions  T,,  is  filled  with  homogeneous 

isotropic  medium.  Let  these  media  be  characterized  by  respectively 
constant  parameters  k^,  k,,  the  part  of  the  infinite  space 

T,,  external  with  respect  to  regions  (/ =  l,  2, 
it  is  also  uniform  and  isotropic,  having  parameter  We  will 
consider  that  the  driver  is  placed  in  all  media. 


The  propagation  of  the  wave  processes,  connected  with  the 
phenomenon  of  diffraction  for  the  above-determined  regions,  is  led  to 
the  following  mathematical  task. 

Page  53. 


To  find  such  function  e(m),  which  satisfies  the  conditions: 
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1)  Aq)  +  =  —  U  b'  T'o.’ 

2)  Aq)  +  fcjq.  =  -  /.  ?  Tj  (7  =  1.2 . n); 

3) .  (q.),  =  (9)..  ^  S).  25  .S’,  (,  =  1.2 . n):  I 


4)  ^  —  iAo<p  =  e‘*.'o  (r"‘)  h  a  6 


(y\ 


'"ni't'  —  -  viCCKOfiO^BOCT  H| 

Key!  (1).  in.  (2).  on.  (3).  at  infinity. 


di 


where  A  =  ^  ^  ;  A,  (Re  *,->  0,  Im  >  0)  —  complex  wave  number;  /,  — 

assigned  function,  which  characterizes  source,  it  is  continuously 
differentiated  to  the  second  order  inclusively;  r  -  distance  between 
two  points;  ro(r-‘)-.o  with  r  —  oo;  (qi)j,  (q>)„  (^),.  respectively 

designate  the  limiting  values  of  function  9  and  not  normal  derivative 
from  within  and  from  without  on  surface  i*,;  it  is  assumed  that  all 
surfaces  5,  (/ =  1,  2, . . n)  of  Lyapunov’s  type. 


It  is  proven,  that  task  (1)  has  a  unique  solution  and  a  solution 
represented  in  the  form  of  the  following  loaded  integral  equation  of 
Fredholm's  type  the  second  kind: 


+  (i|—  ( /'m-  'lif)  )  +  iH- 2 ^ (-V)  *(Af.  iV)  * 


where 


dtfft 

(2) 


I 


i 


1 
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MeTi, 

1(± 

2  ^  k* 


Task  (1)  is  examined  also  for  the  laminar  regions  and  it  is 
solved  analogously  with  two-dimensional  problem  of ' diffracting 
electromagnetic  waves  [1].  Let  there  be  in  the  infinite  space  n  of 
the  consecutively/serially  inserted  in  each  other  regions,  limited  by 
respectively  in  pairs  nonintersecting  surfaces  5j0  ==  l.  2,  which 

are  filled  with  the  homogeneous  and  isotropic  medium,  which  is 
characterized  by  respectively  constant  parameters  *,•  (/ =  1,2  ....  n).  The 
region,  limited  by  surface  (under  the  assumption  of  the  absence 
of  all  subsequent  regions),  let  us  designate  through  t,;  external 
surface  -  through  Si  and  the  external  (infinite)  region  -  through  T, 
which  is  also  uniform  isotropic,  having  a  parameter  k..  Let  us 
designate  through  rf  — /’j+i  =  the  region,  included  between  Sj  and 

Sj+i;  in  this  case  let  Tojs  'r^  and  For  such  regions  task  (1) 

is  formulated  as  follows. 


To  find  such  function  e(M),  which  satisfies  the  conditions: 
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n\ 

1)  Acp  +  Aj<p  =  —  /o  B  Toi 

2)  A<f  +  /c^if  =  —  fjW  Tj, 


o  I? 


ik^ff  =  e'**''o(r'‘)  H  a  6  c  c  k  o  ii  e  m  ii  o  c  t  u. 

Key;  (1).  in.  (2).  on.  (3).  at  infinity. 


(3) 


It  is  proven,  that  task  (3)  has  the  unique  solution,  which 
satisfies  the  following  loaded  integral  equalization  of  Fredholm' 
type  second  kind: 

^  '  ..  V  '■  'r  1  V, 

i^.r  (.W.  .Vi 


where 


,  I  Vi  I  I  V  I  1  r  .Vi 

■r  (, -  *-r;i\  'f  > “  mT/t: \T  5  '  ‘ 

(4) 


i__ 

A  -  (.1/) 


I  I  I 
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'  ^ 

Solution  of  the  ax i symmetric  contact  problem  of  steady-state 
oscillations  of  half-space. 

V.  N.  Zakorko,  N.  A.  Rostovtsev. 

Is  examined  the  elastic  half-space,  in  which  were 
established/ installed  the  oscillations,  caused  by  the  action  of  force 
This  action  is  transmitted  through  circular  cross-section  rigid 
weightless  flat-based  die/stamp,  which  is  indented  without  the 
inclination/slope.  Sufficiently  large  static  load  P  ensures  the 
contact  of  die/stamp  with  the  elastic  medium.  Shearing  stresses  in 
the  region  of  contact  and  outside  it  are  absent.  Is  placed  the  task 
of  determining  the  amplitude  p(r)  of  pressure  under  the  die/stamp 

A 

from  the  known  amplitude  w(r)«w,  residues/settlings  in  the  region  of 
contact. 

It  is  possible  to  demonstrate  that  for  p(r)  we  have  the  integral 

equation  _  _  . _ 

» (^)  =  —  y  5  (p)  ^  ^ **  h  (")  h  (P»)  (i) 
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where  a  -  radius  of  die/stamp;  k^,  k,  -  the  wave  numbers 
1*1  ~ e?  ^ !  ‘5“^'  *  “  density  of  elastic  medium;  X,  u 

-  elastic  constant  Lames), 

F  (s)  =  (2a'*  -  I4)-  -  4s"  V^-ki  K  s»  -  ki  .  (2) 

Page  55. 


Changing  to  the  dimensionless  quantities 

*1 _ !i_  =.  ^ .  1  _  /»*  =  -  ;  o  =  aJt,  I 

*  JjT  “  X  2n  ::  (1  —  V)  ’  2  (i  —  V) 

and  selecting  in  the  kernel  of  equation  (1)  the  term,  which 
corresponds  to  the  pole  of  integrand  at  infinity,  we  give  equation 
(1)  (on  the  assumption  that  W>W,  -  constant  number)  to  the  form 

I 

H  (x)  =  c  4-  .  t  ^  \  H  (y)  K  (x,  !/)  dy,  (4) 


where 


H  (X)  =  n  (X)  C  =  ;  (.' 

K  (x,  y)  =  7==  f  ^  f  ^  r^TPao  ^  *|  h  («VO)  (' 

»  *  y  n  ^  :c 


ri\  a  _ wV^9»-v 

=*  2(1  —  V)"*"  (23«— lt»  — 4s*  y 9*  —  h*  Vs*—  I  ' 


(7) 
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G(<7)  has  the  simple  pole  in  interval  (1,  *) ,  which  corresponds  to  the 
speed  of  Rayleigh  waves.  Therefore  integral  (6)  is  computed  in  the 
sense  of  principal  value.  For  this  from  G(ff)  clearly  is  selected  the 
term,  which  corresponds  to  pole.  Equation  (4)  is  solved  by  successive 
approximations . 
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Unsteady  processes  in  wire  antennas. 

L.  N.  Lutchenko. 

The  proposed  method  of  study  makes  it  possible  to  study 
transient  processes  in  the  thin  wire  antennas  both  locked 
(single-turn),  and  extended,  that  are  located  in  the  free  space.  Let 
the  locus  of  the  centers  of  the  cross  sections  of  lead/duct  (axis  of 
lead/duct)  form  the  line  p*p(<p),  which  lies  at  one  plane,  moreover 
radius  of  curvature  R  at  each  point  of  line  always  is  much  more  than 
"b"  of  the  thickness  of  the  cross  section  of  lead/duct  and  distance 
between  two  points  of  the  order  of  the  length  of  the  lead/ duct 
between  them. 

It  is  assumed  also  that  the  loads,  connected  with  the  antenna, 
can  be  considered  as  the  local  heterogeneities  processes  in  which 
with  the  sufficient  degree  of  accuracy  can  be  considered 
quasi-stat ionary.  Ohmic  losses  in  the  lead/duct  are  not  considered. 

Page  56. 


The  conditions  for  inversion  into  zero  tangential  component  of 
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electric  field  on  the  surface  of  conductor,  besides  the  connection 
points  of  loads  and  sources,  make  it  possible  to  obtain  equation  for 
the  one-dimensional  function  of  current  distribution  along  the 
lead/duct  of  the  antenna: 

\  da  (1  dl*  ^  r  dt  ("'O  ^  (■'*  ‘  *t) 

i  -I 

„  ,  ft)/  I  .)/ 

~r  c  v‘  I  srj'TJT 


■  dx'd'^ 


J-.  /. 


1  <#*  C  C  U  (s'Ol  —  /  <«/»  ......  I 

~T5'3rrJ  J - - ••«■>(>•- V ) rf.? rft|>  I 

V  —t,  J 


(!) 


where  S  -  coordinate,  calculated  along  the  lead/duct  of  antenna; 
(v— v)  —  the  angle  between  the  tangents  to  the  axis  of  lead/duct  at 
observation  points  and  by  that  flowing;  r  -  distance  between  these 
points;  »i  —  the  place  of  activation  of  load;  Zi—  operator, 
depending  on  the  form  of  load  and  equal  to  multiplication  by 
resistance,  if  it  is  active; 


1  T  /  14  I*  C  roj}  (v  ——  v") 

X  ==  iTr  J  - 7 - the  matched  impedance  of 

ft  -L 

heterogeneous  long  line. 

Equation  is  solved  approximately  with  the  use  of  expansion  in 
terms  of  the  small  parameter  l/ln(8L/b}.  For  the  zero  approximation 
is  chosen  the  function  of  current  distribution  in  the  asymptotically 
thin  antenna.  The  solution  of  equation  (1)  in  the  first 
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approximation,  makes  it  possible  to  take  into  account  the  final 
thickness  of  lead/ duct,  the  concrete/specific/actual  geometric  form 
of  antenna  and  radiation  loss.  Is  considered  the  time  of  the 
establishment  of  process  and  it  is  noted  that  the  resonance  length  of 
antenna  is  changed  not  only  caused  by  the  radiation/ emission,  but 
also  because  of  the  local  reflections,  caused  by  a  change  in  the 
matched  impedance. 
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Radiation  of  currents  and  charges,  which  fly  with  constant  velocity 
near  ideally  conductive  bodies  (problems,  which  allow  exact 
solution) . 

B.  M.  Bolotovskiy,  G.  V.  Voskresenskiy . 

With  the  uniform  motion  of  the  sources  of  electromagnetic  field 
in  the  free  space  the  radiation/emission  is  absent;  to  this 
corresponds  the  presence  only  of  the  damped  harmonics  in  field 
expansion  of  source  into  the  Fourier  integral.  However,  if  near  the 
trajectory  of  charges  the are  optical  heterogeneities  (shields  or 
other  obstructions),  then  with  the  flight/span  of  sources  past  them 
appear  the  radiations/emissions  (appear  undamped  harmonics  in 
Fourier-representation  of  field).  This  radiation/emission  can  be 
represented  as  the  diffraction  of  the  field  of  the  moving/driving 
source  on  the  met  heterogeneity. 

In  the  theory  of  the  diffraction  of  electromagnetic  waves  is 
worked  out  a  strict  method  of  the  solution  of  problems  for  some 
scattering  structures,  which  uses  reducing  of  task  to  the  system  of 
the  paired  integral  equations,  which  admit  solution  by  the  method  of 
Wiener  -  Hopf  -  Foch  [1].  In  the  report  is  given  the  survey/coverage 
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of  the  works  in  which  the  method  indicated  is  applied  for  the 
determination  of  a  precise  representation  of  the  electromagnetic 
radiation  field  of  the  elementary  current  distribution  and  the 
charges,  which  evenly  fly  near  from  the  metallic  semi-bounded 
obstruction:  half-plane,  the  open  end/lead  of  the  flat/plane  and 
circular  waveguide,  diffraction  grating,  formed  by' the  periodic 
system  of  the  half-planes  of  waveguide  branching  off.  In  each  case 
are  obtained  field  expressions  of  radiation/ emission  into  the  free 
space  (continuous  spectrum)  and  the  excitation  coefficients  of  waves 
in  the  regions,  limited  by  the  metallic  surfaces  (discrete/digital 
set  of  waveguide  harmonics).  Are  investigated  radiation  losses. 
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Diffraction  of  electromagnetic  waves  on  the  plasma  cylinder. 

G.  I.  Makarov,  V.  V.  Novikov. 

In  the  unbounded  medium,  characterized  by  constants  is 

arranged/located  the  circular  plasma  cylinder  of  radius  a  whose 
properties  are  described  by  function  s,  (r,  s),  p,  =»  const.  At  distance 
r»b  from  the  axis  of  cylinder  is  arranged/located  the  vertical 
electric  dipole  harmonically  oscillating  with  the  frequency  u.  It  is 
assumed  that  function  (r,  z)  possesses  the  following  properties: 

1^1 

I  t)  I  ^  p  1  + 1  »t(r,  t)  I 

e,  (a,  z)  =  Sii 

8,(0,*)-0, 

i.e.  function  e,  (r,  z)  slowly  varies  to  scale  of  the  wavelength  of  the 
falling/incident  disturbance/perturbation  in  direction  z  and  it  is 
rapid  in  direction  r. 

If  we  introduce  in  a  special  manner  potentials,  then  it  appears 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
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that  the  solution  of  the  equations  of  Maxwell  can  be  expressed  with 
the  help  of  two  scalar  functions.  The  construction  of  solution  in  the 
exterior  of  cylinder  does  not  present  difficulties  and  it  is  carried 
out  by  standard  methods.  However,  as  far  as  the  interior  of  cylinder 
is  concerned,  here  task  is  reduced  to  the  system  of  two  ordinary 
differential  equations  of  the  second  order  with  the  variable 
coefficients.  This  system  is  simplified,  if  we  use  the  method  of 
standard  equations;  however,  nevertheless  its  solution  is  not 
expressed  as  known  special  functions.  In  the  work  the  solution  of 
system  is  reduced  to  the  system  of  two  integral  equations  of  Fredholm 
second  kind.  It  proves  to  be  that  in  the  case 

Aa<l  (7) 

it  is  possible  to  use  a  method  of  successive  approximations  and  to 
express  the  solution  through  the  degenerate  hyper geometric  functions. 
As  a  result  it  is  possible  to  find  electromagnetic  field  in  exterior 
and  interior  of  cylinder.  It  proves  to  be,  in  particular,  that  the 
presence  of  the  point  where  e,  becomes  zero,  leads  to  the  appearance 
of  the  waves  whose  polarization  is  different  from  the  polarization  of 
the  incident  field. 
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Diffraction  of  plane  waves  on  slot  and  strip 


M.  D.  Khaskind  [deceased],  L.  A.  Weinstein. 


To  the  classical  task  about  the  diffraction  of  plane  wave  on  the 
continuous  b«4^  and  on  the  slot  in  the  infinite  plane  is  devoted  an 
extremely  large  nvmiber  of  article;  however,,  until  now,  is  absent 
such  asymptotic  expression  for  the  diffraction  field  in  the  distant 
zone,  which  would  satisfy  both  the  reciprocity  principle  (7yand  to 
boundary  conditions  (8)  and  (9)  and  at  the  same  time  it  would  be 
useful  for  any  directions.  In  this  work  is  derived  this  expression, 
moreover  is  incidentally  shown  the  inaccuracy  of  the  solution,  given 
in  article  [3]. 


Page  58. 

We  use  the  designations,  used  in  works  [1]  -  [3].  On  the  slot  - 
l<x<l  in  plane  z-0  diffracts  the  plane  wave 

(1) 

falling  from  the  lower  half-space  z<0.  The  complete  field  V  satisfies 
the  scalar  wave  equation 

« 0  '  “  (2) 


I 


1 
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and  the  boundary  condition 

V«0  with  2=0  and  lxi>l. 


In  the  upper  half-space  2  >  0  at  the  sufficiently  large  distances  from 
the  slot  the  field  takes  the  form  of  cylindrical  wave 


where 


=  <P  (*0.  ») 


€ _ * 


a,  =  coa  do,  a  =  cos  d,  ^ 

0  ^  dj  ^  0  ^  d  Ji,  I 

d  -  angle  between  the  direction  to  observation  point  and  x  axis,  and 
d,  -  angle  between  the  direction  of  propagation  of  incident  wave  (1) 
and  X  axis. 


The  same  function  <p(a,,  a)  determines  diffraction  field  at  any 
point  of  space  according  to  the  formula 

—OP  "  • 

It  must  satisfy  the  reciprocity  principle 

qi  (a,,  o)  =  <p  (—  o,  —  a,)  ~  (7) 

and  the  boundary  conditions 

q»  (a«,  ±  1)  =,0 


and 
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<P  (  i:  1.  a)  =  0.  W 

The  same  function  (p(a,,  a)  determines  the  field,  scattered  by  the 
strip/film  -  l<x<l,  2*0,  on  surface  of  which  is  placed  the  boundary 
condition 


~=Q  with  2=0,  jx|<l,  (10) 

dt 

if  on  it  falls  the  same  wave  (1). 

Page  59. 

According  to  works  [1]  and  [2]  the  function  ip(a,,  a)  can  be 

represented  in  the  form 

<p  (a„,  a)  =  <1>  (a„  a)  e-*»«  +  (I>  (—  a,,  —a)  e*“,  (11) 

where  x  =  kl  is  the  basic  parameter  of  the  task  (dependence  of 
functions  e,  d)  and  so  forth  on  it  is  not  written  out  clearly),  but 

function  o  is  a  solution  of  the  integral  equation 

d*  =  d),  +  (12) 

where  the  function 

d>„  (a.,  a)  =  -  (13) 

determines  field  from  the  isolated/insulated  half-plane  x>l,  but 
operator  0  is  clearly  written  out  in  works  [1]  -  [3]. 
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Equation  (12)  can  be  solved  by  successive  approximations.  We 
obtain 

a>  (a«,  a)  =  ^  cD„  (rtfl,  a).  <!>„  =  OM)„.  (14) 

n=o 


In  the  work  are  investigated  the  general/common/total  properties  of 

% 

functions  If  we  assvune 

<P„  (o».  «)  =  (Oo,  a)  (-  a„.  -  a)  e*««.  (15) 

then  it  appears  that  all  functions  satisfy  condition  (7).  However, 
to  condition  (8)  function  they  do  not  satisfy,  instead  of  this 
occurs  the  relationship/ratio 


(a,.  1)  =  -  On-,  (-  a,,  -1)  (n  =  1.  2,  .  .  .)•  (16) 

Functions  O#,  O,  and  O,  can  be  registered  in  the  form 

On  (a*,  o)  =  (D,  (a„,  a)  (a,,  a)  -f  0„  ( —  a,,  —  a)  Z,  (a„,  a)  (17) 

where  - * 

z;=i,  2;  =  o. 

Zt  =  r  (M.  0,)  ^  =  r  (X,  a),  (18) 

zj  =  r  (x,  —  a,)  r  (x,  a), 

but  the  uncopied/unordered  function  Z^  is  finite  with  finite  a,  and  a 
and  order  q*,  where  value 


(1«) 


is  low  under  condition  x<<l.  The  function 


r  (X.  o)  -  y  i  -  Hiy  (20  <11 


CO 


(20) 
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satisfies  the  conditions 

r(x,  1)  =  -  1.  r(x,  -1)  -  0.  (21) 

therefore  it  natural  to  consider  the  value  of  the  order  of  one. 

SincdL  and  O,  order  q*,  and  «l)„  . .  is  still  less,  then  during 

the  construction  of  the  asymptotic  solution  of  stated  problem 
naturally  taking  into  account  only  <l>o,  «!>,  and  that  part  of  function 
which  is  proportional  Zl.  We  obtain,  thus,  for  function  (11)  the 
asymptotic  expression 

a)  =  (Ot,.  a)  <»)«  -f  ‘On  (— '»«.  —  «)  (— ««.  —  «)  (22) 

where 

(a„  o)  =  II  +  r  (x,  a,))  II  r  (x,  -  «».  (23) 


Page  60. 

It  approximates  exact  expression  with  the  relative  error 

it  accurately  satisfies  conditions  (7),  (8)  and  (9)  and  has  the  same 
structure,  as  the  approximation  formula  of  Ufimtsev  [4],  [5]. 

Instead  of  the  simple  method  of  successive  approximations,  which 
leads  to  series/row  (14),  it  is  possible  to  use  Fredholm  first 
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theorem.  Fredholm's  denominator  in  the  first  approximation,  is  equal 
to 


Z>=1  — 7-  with-|H|;>.  1). 


(25) 


Equation  D-0  determines  the  complex  natural  frequencies  of  this 
system. 
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One  approximate  method  of  solving  the  integral  equation  of  the 
diffraction  of  electromagnetic  waves  on  a  band  of  finite  width. 

G.  Ya.  Popov. 

Is  proposed  the  approximate  method  of  solving  the  integral 
equation 

{k\x  —  y'')<f{y)dy  =  Aer*^  +  Be***^g{x),  x>0,  (D 

to  which  is  led  [1]  two-dimensional  problem  about  the  diffraction  of 
electromagnetic  waves  on  the  ideally  conducting  infinitely  thin  band 
of  final  width. 

This  method,  significantly  based  on  the  use  of  the  following 
(apparently,  the  for  the  first  time  discovered  in  the  work  author 
[2])  the  property  of  Daguerre's  polynomials 

1  r (2y)  dy  -  (2x) 

•  _  _  (2) 

(0  <  X  <  oo,  m  *  0,  1,  2,  . .  .;  }^2 2mll (2m  —  1)11), 

consists  of  the  following. 


Integral  equation  (1)  by  using  the  known  relationship/ratio 
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between  the  Hankel  function  (*)  and  MacDonald  ^o(*)  is  reduced  to 
the  form 

a 

(/(S)  =  y(ir)).  •  (3) 

0 

moreover  occurs  connection/communication 

2q)  (*)  =•  fcXi*.  (j  At). 

Page  61. 

Further,  following  G.  A.  Greenberg  [3],  is  introduced  the  key 
equation 

Ja, (ii-nl)<p(p. =  /foU  +  p).  p>o 

and  it  is  proven,  that 

X,  (6)  =  X«,  (5)  +  5  Xco  (a  +  <)  9  (^.  a-l)dt, 

0 

where  Xco  (5) — the  solution  of  integral  equation  (3)  with  o-«. 

The  solution  of  key  equation  is  found  by  the  formula 
2«p  (p,  a  -  5)  =  (P.  I)  —  9"  (P»  5)> 

where  (p,  S)  —  the  essence  of  the  solution  of  the  following  integral 

eqxiations:  _ 

00 

(p.  W  T  S  u.  6) »  (p,  o  +  0  *  =  p  (P.  5)  ±  »(p.o  -  £)• 

0 

In  turn,  the  kernel  of  the  latter  is  to  find  from  the  following 
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integral  equation: 

oo 

s  ^0  (U  -  nl) » (p.  n)  =  K,{1  +  p).  p>0.  (9) 

In  order  to  obtain  the  solution  of  integral  equations  (8),  the 
right  side  of  equation  (9)  is  decomposed/expanded  in  the  series/rov 
on  Laguerre's  polynomials: 


(6  +  p)  =  2  ^(P)  p  >  u.  (10) 

Subsequent  use  (2)  gives 

*'  (P.  5)  =  (21)-  (11) 

Here 


where  r  (z)  — 


r  ("» +  */»)  IV 

iVl.  - 5 -  y  —  -V. 


Euler's  gamma  function;  (z) — 


(2<). 

Whittaker  function. 


Substitution  (11)  in  (8)  reduces  the  problem  in  question  to  the 
infinite  system  of  algebraic  equations. 


But  if  we  are  be  satisfied  by  approximate  solution,  for  example 
to  hold  down/retain  in  expansion  (10)  a  finite  niimber  of  terms,  then 
in  accordance  with  (9)  problem  will  be  reduced  to  the  resolution  of 
integral  equations  (8)  with  the  degenerate  kernel.  Use/application  to 
the  solution  of  the  latter  of  certain  special  method  made  it  possible 
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to  obtain  the  solution  of  the  integral  equation  of  diffraction  (1)  in 
connection  with  the  case  when  in  the  resolution  (10)  is  retained  n-«-l 
term  in  the  following  form: 

2q)  (*)  =  AKL^  {ikx-,  ika)  +  Bke**“Xn  {ika  —  ikx-,  ika),  (12) 

where 


*•«.«)  y  «  /I 


Page  62. 


In  this  case,  which  is  substantial  for  conducting  the 
calculations,  for  coefficients  and  z)I,7’  are  obtained  the  recurrent 
formulas,  which  connect  them  with  analog  coefficients  '1"“"  and /vi"'" 
of  the  previous  approximation/approach  and  which,  just  as  (13),  do 
not  contain  quadratures. 


The  greater  the  number  ka,  the  less  the  terms  it  is  necessary  to 
retain  in  expansion  (10)  for  obtaining  the  sufficiently  accurate 
result  and,  that  means  the  simpler  formula  (13). 
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Diffraction  of  electromagnetic  waves  on  the  anisotropic  step  in  a 
H^B^lane  waveguide. 

P.  S.  Mlkazan,  Ya.  Ya.  Zush 

In  all  known  to  the  author  works  on  the  diffraction  of  the 
electromagnetic  waves,  solved  with  the  help  of  the'method  of  Wiener  - 
Hopf  -  Poch,  was  produced  the  factorization  of  even  function.  Por  the 
purpose  of  the  expansion  of  the  circle  of  the  tasks,  solved  by  this 
method,  is  worked  out  the  method  of  the  factorization  of  the  function 
of  the  following  form: 


L{w) 


—  w*  <  I  -r  otw)  4-  ftiw*  4-  c) 
y  Ik*  —  (1  ^  0, 


according  to  the  formula  ^  - 

L{w)  =  (Aj  —  w)  <A,  +  Iff)  L*  (ip)  L~  (ip), 

where  L‘*’(w)  -  the  function,  holomorphic  with  Im  w^O  and  which  does 
not  have  there  zero;  ir(v)  -  the  function,  which  satisfies  the  seune 
conditions  with  Im  w^O,  but  with  w^hj-h,  function  L(w)  becomes  zero. 


For  the  factorization  is  introduced  new  function  t),  (w),  not  having 
zero  and  poles 

_  /„v  _  (>i  — »)(?*  +  «»’) 

’ll  W  ’ 


where  g^  and  g,  >  points  of  the  poles  of  function  L(w) 
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Then 


L-(u;)  = 


n7  («”) 


This  method  of  the  factorization  of  function,  which  is  not  even, 
will  help  to  solve  series  of  problems  in  the  diffraction  of 
electromagnetic  waves  as,  for  example,  the  diffraction  of 
electromagnetic  waves  in  the  flat/plane  waveguide  with  the 


DOC  *  82036004 


PAGE 


anisotropic  step. 

Are  solved  two  problems  in  the  diffraction  of  electromagnetic 
waves  in  the  flat/plane  waveguide.  It  is  assumed  that  one  wall  of 
waveguide  ideally  conducting,  and  on  the  second  wall  is  replaced  the 
thin  anisotropic  layer,  which  has  step  with  z*0.  In  the  first  task  TE 
the  wave  attacks  from  the  side  z>~o>  to  the  step.  Magnetic 
permeability  is  expressed  by  tensor,  and  e«l.  in  the  second  task 
attacks  TM  the  wave,  dielectric  constant  is  expressed  by  tensor,  and 
M — 1.  In  both  tasks  anisotropic  layer  is  magnetized  by  transverse 
magnetic  field. 

Hertz's  potential  is  assigned  in  the  form: 

for  the  first  task 

S  ^  (®  —  ^  ^ 

c 

and  for  the  second  task 

If,  «  5  sin  r  (a  —  x)  F  (ir)  dw, 

e 

where  v  «  yJkt  (w)  — .  unkno%m  function,  and  k  -  wave  number. 

Are  used  the  approximate  boundary  conditions,  obtained  by  N.  A. 
Kuz'min.  These  boundary  conditions  take  the  form: 
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for  the  first  task 

J  {w)  I  («■)  dw  =  0;  z  <^0 

r 

I  <‘«/(a;)<itt-  =  0;  5>0 

r 

and  for  the  second  task 

^  e‘*‘  N  (ip)  G  (u’)  dip  =  0;  :  0 

r 

^  e‘**C(ip)diP  =  0; 


During  the  solution  of  the  characteristic  equation  of  the  first 
task  it  was  discovered,  that  with  an  increase  6  instead  of  the  slow 
wave  appears  the  special  rapid  wave. 

I 
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The  theory  of  dielectric  waveguide  with  the  conducting  diaphragm. 

S.  S.  Kalmykova,  V.  I.  Kurilko. 

In  the  work  is  examined  the  theory  of  r'lattering  the  surface 
electromagnetic  waves,  which  extend  along  the  anisotropic  dielectric 
cylinder  (r^sa  -•<z<+«») ,  on  the  jirnip  of  the  tensor  of  dielectric 

A  ^  • 

constants  this  waveguide  (e(2<0,  2<  a)=f  e(2>  0,  a)),  in  this  case  it 

is  assumed  that  the  uniform  parts  of  the  waveguide  are  divided  by  the 
infinitely  thin  conducting  diaphragm  (r<a,  2*0). 
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(b  -  radius  of  jacket/case/housing,  t«  —  the  wave  number  of  incident 
wave ) . 

The  solution  of  this  equation  is  found  with  the  method  of 
iteration  for  the  plasma-type  waveguide  in  the  magnetic  field  in  the 
extreme  case  (scattering  ground  wave  on  the 

j\imp  of  the  density  of  plasma).  Are  obtained  analytical  expressions 
for  the  transformation  ratios  of  ground  waves.  Is  examined  a  question 
about  the  effect  of  the  conducting  diaphragm  to  the  characteristics 
of  scattering.  Is  found  also  short-wave  asymptotics  of  field  near  the 
edge  of  diaphragm.  Is  obtained  also  the  electrostatic  solution  of 
this  problem  for  case  8,  s  =  1. 

Page  65. 

For  the  plane  geometry  the  equation,  analogous  (1),  is  solved  in 
the  electrostatic  approximation/approach  for  case  — ►  OC,  8|  S  1 

(propagation  of  coaxial  wave  in  the  flat/plane  waveguide  with  the 
abruptly  varying  section).  It  is  shown  also,  that  in  the  case  when 
the  height/altitude  of  the  conducting  diaphragm  is  equal  to  half  of 
the  height/altitude  of  waveguide  (e,  s  8i  =  1),  equation  of  type  (1) 
gives  the  solution,  obtained  earlier  by  L.  A.  Weinstein  [1], 
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One  approximation  method  of  the  solution  of  the  problem  of 
diffraction  of  electromagnetic  waves  at  the  open  end  of  the 
fli^Pplane  waveguide  and  some  allied  problems. 

L.  B.  Tartakovskiy,  A.  I.  Rubenstein. 

Is  proposed  the  approximation  method  of  solving  some  diffraction 
tasks,  which  are  reduced  to  the  equations  of  the  type  of  Wiener  - 
Hopf  and  to  the  systems  of  such  equations.  Briefly  it  is  reduced  to 
the  following. 

In  many  tasks  the  structure  of  current  is  known  a  priori, 
without  the  solution  of  quits  diffraction  problems.  So  is  matter 
concerning  the  flat/plane  waveguide  where  the  current  is  composed  of 
the  current  of  waveguide  waves  (damping  and  undamped)  and  current  on 
the  external  walls  of  half-plane,  which  can  be  in  the  first 
approximation,  considered  proportional  to  current  on  the  shadow  side 
of  half-plane  with  the  incidence/drop  on  the  latter  of  plane  wave. 
Analogous  structure  has  current  in  the  system  of  two  waveguides, 
formed  by  three  half-planes.  Method  lies  in  the  fact  that,  using  the 
approximate  representation  of  current  in  the  form  of  the  sum  of  known 
components/terms/addends  with  the  undetermined  coefficients,  they 
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attain  inversion  into  zero  on  the  sufficiently  rapid  system  of  the 
points  of  the  integrand  integral  of  which  describes  the  tangential 
component  of  electric  field  on  the  metal. 

Use/application  of  a  method  to  the  task  of  radiation/emission 
from  the  open  end/lead  of  the  flat/plane  waveguide  gives  a  good 
coincidence  of  numerical  results  with  the  results  of  a  strict 
solution  of  L.  A.  Weinstein  [1]. 

Let  us  illustrate  the  aforesaid  above.  The  task  about  is 
flat/plane  ohm  waveguide  it  is  reduced  [1]  to  the  following 
functional  equations: 


^  (w)dw^  —  s  <  0; 

(1) 

00 

^  e*^L(w)P[ii/ydw=*0.  *>0. 

(2) 

Let  us  consider  the  simplest  case  of  the  excitation  by  wave  TEK 
Then  (see  [1],  page  10)  h  =  k,  L  (w)  =  p  (1  —  «*'■'),  v  =  y  A*  —  «•*. 

Page  66. 

We  seek  the  Fourier  transform  F<w)  of  current  density  in  the 


form 
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P(w)  =  F,  (w)  Pi  (w)  +  |/ = 


A  — 10 


_  *  TT  ,  V  \  .  l/'  /  />!>  I  V  \ 

w — k  *■»  ,  k  —  w  \ «)  —  fc  u; -j-  u  / "*”  P  *•'  —  I  «•  k  w  +  u  )' 

ii=-l  1—  .  ■-  '  m—i  ‘  "•/  '  tn>=i  "*  • 


k~w. 


where 


(3) 


. 

Condition  (1)  then  gives 

.  P*  (—  «m)  ^n.  -f  l/^ *  Pm  =  0,  m  =  1,  2,  .  .  ..  M, 
"  *  “*  *•*»« 


("*) 


(5) 


P*  (-  A.)  +  P.  =  1.  ) 

According  to  (3),  (4)  left  side  (2)  can  be  rewritten  as 


^ (1  —  cos  l'<0  Po  ('^)  Pi  {“  )  “  ‘ ^  v> 

where  duct/contour'  r  connects  up  upper  half-plane  point  k  with 
infinite  so  that  on  r  function  v^k*-w*  is  real.  Prom  (4),  (5)  it 
follows  that  the  expression  in  the  brackets  in  (6)  is  converted  into 
zero  at  points  »«,  Wn.  n  —  1,  2, . . .,  iV.  Pi  (w)  and  F,  (w)  in  the  upper 
half-plane  slowly  vary  and,  after  requiring  inversion  into  zero 
expressions 

T  {ui)  =  (1  -  C08  vdi  P,  (w)  Pi  (IV)  -  f|/  r^Pi  («•)  sin  <7> 

where 

at  pointsuoi  ^  | sin rd|r reaches  maximum  value,  and  in  k  it  is  possible  to 
expect  good  satisfaction  (2). 
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Solving  the  system  of  linear  equations  (5)  and  T  (k)  =  0,  T  {un)  =  0, 
n*l,  2,  M,  we  will  obtain  Am=A,n(g;  N,M),  and  then  diffraction  of 

coefficients  of  reflection  and  transformation  on  the  current 


y 


The  calculations  for  N«ll  andjtf  =  6parried  out  on  computer(s), 
show  a  good  coincidence  of  coefficients  (8)  with  strict  values  Cl]> 


The  case  of  the  antiphase  excitation  of  two  waveguides,  formed 
by  three  half-planes,  by  wave  TEM  is  reduced  to  the  system 


J  (v)  dv  —  r***,  1  •<  0;  . , 

«0 

J  <p,  (iff)  s  —  z  <;  0; 

00 

5  «^'Ip  (1  +  «**«')  Oi  (iff)  +  <1),  (iff)J  diff  =  0,  z  >  0; 

-«» 

00 

J  «*“  <Pi  (iff)  4-  ffO,  (iff))  diff  =  0,  z  >  0. 


Page  67. 


We  assxime/set 
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<I>1  (It’)  =  <I>;  (w)  Ot  {w)  +  <D,'  (a»)  O,-  (w)  +  (D^ 

fj>,  (w)  =  «d;  (tt.)  (|>*  (u  )  —  <t>;  (w)  <D-  («;), 


where 


t  — 


=ir:^n 


=1 1- 


k  —  w 
k —  ui. 

-T^-^  *!>?(«•) 


iV+l 


1  — 


Iffl  —  U) 


k  —  u>_ 


It-  —  U>1 


n— 


n=.*  1 


—  w 


-r  2  +_2  W-t-  U^; 

•  fn«ci  m'-si 

t*lvt 

If  we  designate  through 

T  (w)  =  (1  +  cos  pd)  (u>)  <Pi  (w)  —  (1  —  cos  rd)  il>J  (u?)  <1>J  (ir)  + 

+  i <I>K,  (w)  sill  Pd,  (11) 

then  equations  (9)  are  sxibstituted  approximately  to  the  system  of  the 

linear  equations 

P;®:  (-  *)  +  Pi  Oi  (-  *)  +  (?,  =  1; 
j>:o:  (-  &)  -  Pi(t>;  (-  A)  =  1;  _ 

K<t>i  (-  Um)  +  Pm<t>i  (-  «m)  +  Y ^  )  m  =  1 ,  2 . Af;  j  (12) 

iC®:  (-  itm)  -  p;;<i>o(- »«.)  =  o,  j 

T  (ft)  -  0; 

f  (l*m)  “  0i  /B  =  1,  2,  •  .  A/. 


Th\is,  the  task  about  three  half-planes  in  principle  does  not 
differ  from  the  task  about  the  flat/plane  waveguide  and  it  is 
possible  to  expect  sufficiently  accurate  numerical  results. 
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Excitation  of  the  ideally  conducting  cylinder  of  finite  length  with 
the  distribution  of  the  unknown  magnetic  field  to  TE  and  TM  waves. 

Ye.  N.  Vasil'yev,  A.  A.  Falunin. 

Electromagnetic  field  of  arbitrary  sources  in  the  presence  of 
the  ideally  conducting  infinite  cylinder,  as  is  known,  is  divided 
into  TE  and  TM  waves,  which  do  not  interact  with  each  other.  However, 
during  the  excitation  of  the  cylinder  of  finite  length  the  waves 
indicated  interact  between  themselves  about  the  ends/faces  of 
cylinder,  which  is  evident  from  the  distribution  curves  of  full 
current  on  the  cylinder  of  finite  length  [1]. 

Page  68. 

However,  the  absence  of  the  distribution  of  the  currents,  which 
correspond  to  TE  and  TM  waves,  strongly  impedes  the  analysis  of  these 
results.  In  this  work  the  excitation  of  the  cylinder  of  finite  length 
is  examined  by  somewhat  different  method,  which  makes  it  possible  to 
divide  TE  and  TM  waves. 


For  the  composition  of  integral  equation  relative  to  surface 
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electric  current  densities  (H)  we  use  Lorenz's  lemma,  which  taking 
into  account  boundary  conditions  with  the  body  surface  will  be 
registered  in  the  form 

|(E,H,Iurf»=  — (1) 

s  v 

where  the  first  field  unknown,  and  the  second  -  auxiliary.  For  the 
determination  of  the  vector  function  with  the  help  of  scalar 
equation  (1)  it  is  necessary  to  use  two  linearly  independent 
auxiliary  sources.  For  simultaneous  satisfaction  of  the  condition  for 
distribution  of  TE  and  TM  waves  as  such  sources  is  used  the  system 
z  of  the  electrical  and  magnetic  currents,  which  create  either 

TE  or  TM  waves.  Decomposing/ expanding  fields  and  kernels  of  equation 
(1)  in  the  series/row  for  the  azimuth  harmonics,  we  bring 
two-dimensional  equation  CD  to  the  one-dimensional. 

In  the  axisymmetric  case  of  field  they  are  divided  into  TE  and 
TM  waves  for  any  body  of  revolution. 

During  the  asymmetric  excitation  we  write/record  the  unknown  and 
auxiliary  field  through  the  vector  potentials  and  we  integrate  in 
parts.  As  a  result  this  equation  (1)  relative  to  the  complete  field  H 
on  lateral  and  butt  ends  of  cylinder  it  passes  in  the  equation 
relative  to  fields  H,  created  by  TE  and  TM  waves.  In  the  section  of 
the  rounding  between  the  ends/faces  and  the  lateral  surface  of 
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cylinder  is  sought,  as  before,  the  complete  field  H.  If  in  the  usual 
solution  of  problem  are  two  unknown  field  components  H,  then  in  the 
task  with  the  distribution  of  waves  a  number  of  unknowns  doubles; 
however,  separate  components  prove  to  be 

interdependent/interconnected,  and  this  makes  it  possible  to  leave 
only  two  unknown  field  components. 

For  the  numerical  solution  of  integral  equation  is  used  the 
method  of  Krylov  -  Bogolyubov,  which  substitutes,  actually,  the 
unknown  value  by  the  piecewise  constant  function.  Thus,  integral 
equation  is  reduced  to  the  system  of  algebraic  equations. 

During  the  use  of  electronic  computers  (EVM)  the  solution  of 
this  system  does  not  meet  fundamental  difficulties.  Using  the 
symmetry  of  body  relative  to  axis  r,  it  is  possible  instead  of  the 
unknown  functions  to  find  their  even  and  odd  components.  As  a  result 
of  this  are  obtained  two  matrices/dies  with  the  doubly  smaller  order, 
to  use  with  which  considerably  more  easily. 

For  the  solution  of  problem  examined  above  were  comprised  the 
programs  for  the  coinputer(s) ,  which  make  it  possible  find  the  current 
distribution  of  TE  and  TM  waves  on  the  cylinders  with  length  to 
several  wavelengths. 
refsremcbs 

J.  E.  H.  B  a  e  ■  a  b  c  a.  Has.  aywa  MBO  CCCP.  PaA>o^»n«.  «,  (»»W).  5»*- 
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Excitation  of  body  of  revolution  in  the  presence  of  sphere  coaxial 
with  it. 

Ye.  N.  Vasil 'yev,  A.  R.  Seregina,  V.  G.  Kamenev. 

The  electrodynamic  task  of  exciting  the  ideally  conductive  body 
of  rotation  in  the  presence  of  sphere  is  reduced  to  the  solution  of 
integral  equation  relative  to  currents  on  the  body  of  revolution.  For 
the  composition  of  equation  is  vritten/recorded  the  field  of  the 
currents,  which  flow  along  the  body  surface  of  rotation  taking  into 
account  reflection  from  the  sphere.  Then  to  this  field  is  assigned 
the  requirement  of  satisfaction  to  the  boundary  condition: 

B  X  =  j, 

which  reduces  to  the  integral  equation  of  Fredholm  of  the  second 
order.  Kernel  of  integral  equation  naturally  falls  into  two 
components/terms/addends  -*  one  P  (v,  V),  which  corresponds  to  body 
of  revolution  in  the  free  space,  and  second  L  (v,  V)  considers 


DOC  «  82036005 


PAGE 


reflection  from  the  sphere. 

Kernel  P  (v,  V)  is  expressed  as  function  Sm,  being  m-th  term 
of  expansion  in  the  Fourier  series  in  terms  of  the  azimuth  coordinate 
of  function  Kernel  L  (v,  V*)  is  represented  in  the  form  of 

series/row  according  to  the  spherical  functions  which  do  not  always 
descend  sufficiently  rapidly.  Is  conducted  an  improvement  in  the 
convergence  of  series. 

The  solution  of  integral  equation  is  produced  numerically  by 
method  of  Krylov  and  Bogolyubov.  This  method  reduces  the  integral 
equation  to  the  system  of  linear  algebraic  equations. 

Are  given  the  results  of  calculating  the  current  distribution  on 
the  cylinder  in  the  presence  of  metallic  and  dielectric  spheres.  The 
effect  of  sphere  is  exhibited  in  the  appearance  of  the  further  wave 
reflected  on  the  cylinder.  Are  computed  the  radiation  patterns  of 
slot  antenna  on  the  cylinder  of  finite  length,  arranged/located  about 
the  sphere. 
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Application  of  method  of  regularization  to  the  calculation  of 
diffraction  tasks. 


V.  I.  Dmitriyev,  A.  N.  Tikhonov 
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Excitation  of  dielectric  body  of  revolution. 

Ye.  N.  Vasil 'yev,  L.  B.  Materikova. 

In  the  work  is  proposed  the  numerical  method  of  calculation  of 
equivalent  electrical  and  magnetic  current  distributions  on  the 
dielectric  body  of  revolution  during  the  excitation  by  its  arbitrary 
outside  sources.  Method  is  based  on  the  use  of  integral  equations  and 
the  use/application  to  the  smooth  body  of  revolution  of  arbitrary 
form. 


Basis  undertakes  the  system  of  vector  integral  equations 
relative  to  surface  electrical  and  magnetic  currents  on  the  body  with 
arbitrary  parameters  e  and  (i,  obtained  in  [1].  System  consists  of 
two  equations  of  Fredholm  of  the  second  order  with  the  weakly  polar 
kernel . 

In  this  work  the  problem  is  placed  more 
concretely/specifically/actually  -  it  is  examined  dielectric  body  of 
revolution  with  the  analytical  surface.  For  the  solution  is 
introduced  the  orthogonal  system  of  rotational  coordinates  u,  v  e. 

The  kernels  and  the  unknown  currents,  entering  the  system  of  integral 
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equations,  are  represented  in  the  form  of  series/rows  on  the  azimuth 
coordinate  ip.  This  makes  it  possible  to  obtain  the  infinite  series  of 
the  systems  of  one-dimensional  integral  equations  for  the  azimuth 
harmonics  of  currents.  Each  system  consists  of  four  equations 
relative  to  the  appropriate  harmonics  of  longitudinal  and  transverse 
currents  on  the  body.  The  kernels  of  system  are  expressed  as  function 
5,„,  being  the  m-th  coefficient  of  expansion  in  the  Fourier  series 
Green's  function  c  ‘o/p,  and  its  derivatives. 

Page  70. 

As  an  example  is  examined  the  case  of  the  axisymmetric 
excitation  of  dielectric  body.  With  m*0  the  system  of  four  equations 
falls  into  two  independent  systems  of  two  equations,  corresponding  to 
waves  TE  and  TH.  Calculations  are  performed  for  the  case  of  the 
excitation  by  wave  TM.  Are  investigated  kernels  of  integral  equation. 
For  solving  the  system  is  selected  the  method  of  Krylov  and 
Bogolyubov.  The  essence  of  method  consists  of  the  replacement  of  the 
unknown  function  of  the  piecewise  constant.  As  a  result  of  this  the 
system  of  equations  is  reduced  to  the  system  of  algebraic  equations. 
Definite  difficulty  appears  during  the  calculation  of  the  diagonal 
matrix  elements  of  algebraic  system,  since  separate  kernels  of 
integral  equation  have  a  special  feature/peculiarity  with  the 
coincidence  of  observation  points  and  integration.  In  these  kernels 
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is  selected  singular  part  and  it  is  computed  especially. 

As  the  exciting  source  is  examined  the  electric  dipole, 
arranged/located  along  the  rotational  axis. 

Are  given  the  results  of  calculations  for  several  bodies  of 
various  forms  in  different  position  of  source.  All  calculations  were 
performed  in  the  electronic  computer.  The  possibilities  of  computer 
technology  set  limitations  on  the  sizes/dimensions  body.  The  maximum 
length  of  generatrix  in  the  given  examples  composes  the  value  of  the 
order  of  several  wavelengths. 

REFERENCES 
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Application  of  integral  equations  in  problems  of  diffraction. 

V.  V.  Kravtsov. 

Arbitrary  scalar  wave  from  the  wave  vector  k  falls  on  the  body, 
limited  by  the  smooth  locked  surface  of  s,  on  which  is  satisfied  the 
boundary  condition  of  the  first,  second  or  third  kind.  Stray  field  is 
defined  as  the  solution  of  the  equation  of  Helmholtz 

Att  -f-  =  0 


out  of  the  body,  which  satisfies  the  specified  boundary  condition  on 
s  and  the  condition  for  radiation/emission  at  infinity.  The  solution 
of  the  boundary-value  problem  indicated  with  the  help  of  Green's 
formula  is  reduced  to  the  integral  first-order  equation  of  Fredholm's 
type.  Is  proved  the  uniqueness  of  the  solution  of  this  equation.  Is 
given  an  example  of  the  numerical  solution  of  integral  equation  by 
the  method  of  regularization,  proposed  by  A.  N.  Tikhonov. 

The  method  of  solution  is  postponed  by  the  case  of  diffracting 
the  electromagnetic  waves  on  the  locked  impedance  surface. 
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4.  Asymptotic  methods  and  nonanalytical  solutions. 

L.  N.  Sretenskiy. 

Poincare's  method  in  the  theory  of  radio  wave  diffraction. 

1.  In  large  memoir,  published  into  XXIX  volume  "Rendiconti  del 
Circolo  Matematico  di  Palerno"  in  1910,  Poincare  solved  task  about 
Hertz  wave  diffraction  with  terrestial  globe.  External  electric  field 
is  created  by  point  periodic  source,  which  are  located  on  the  surface 
of  sphere.  The  result  of  work  was  the  establishment  of  known  at 
present  formula  for  the  electric  current  density  for  the  high 
frequencies  of  the  transmitter: 

P  -  -TF~.  - 

where  e,  is  certain  specific  complex  number,  9  ~  latitude  of 
observation  point. 
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2.  This  result  was  obtained  with  the  help  of  establishment  of 
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asymptotic  formula  for  function,  represented  in  the  form  of  infinite 
series  whose  general  term  contains  product  from  Bessel  function  to 
Legendre's  polynomial.  Studying  this  product  as  the  analytic  function 
of  the  index,  considered  as  the  complex  variable,  Poincare,  arrived 
at  the  formula  for  the  image  of  function  n.  The  method,  proposed  by 
Poincare  for  the  establishment  of  asymptotic  formula,  caused  large 
controversy.  As  a  result  of  long  discussion  of  question,  which 
consisted,  actually  the  matters,  in  the  establishment  of  asymptotic 
formula  for  the  function,  represented  as  the  infinite  series  in  which 
each  term  depends  on  the  high  parameter  (frequency  of  transmitter), 
by  different  scientists  (by  MacDonald,  Nicholson,  by  Love,  etc.)  were 
confirmed  conclusion  by  Poincare.  Watson  arrived  at  Poincare's 
formulas  by  the  determination  of  the  asymptotic  estimation  of  some 
definite  integrals. 

3.  Poincare's  method  for  determination  of  asymptotic  formulas 
for  functions,  represented  by  infinite  series,  can  be  used  with  great 
success  to  solution  of  diverse  problems  of  hydrodynamics  of  wave 
motions  of  liquid,  theory  of  gas  jets  and  to  questions  of 
architectural  acoustics. 
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Short-wave  asymptotic  behavior  of  coefficient  of  reflection. 

M.  V.  Fedoryuk. 

Let  us  consider  the  equation 

If'  (x)  k*  q  (x)  tf  (t)  =  0,  (1) 

9  (z)  >  0,  i  oo)  =  1,  A >  1,  ^  (z)  _  analytic  function./\  ♦  ~  x -»  +  oc,  then 
if X  —  —  00.  Let  US  designate 

** 

•S  (2li  2»)  =  »■  $  K  ?  (2)  dz. 

Stokes's  lines  (hp)  are  called  lines  Re  S>c,  zeroaxial  q  and 
first-order  poles  q.  Axis  Ox  is  included  in  the  symmetrical  region  D, 
limited  by  line  C  and  which  does  not  contain  them,  S  (D)  -  band.  Let 
G  -  part  of  boundary  D,  which  lies  at  the  upper  half-plane.  Let  us 
consider  the  following  cases: 

1.  G  contains  exactly  one  simple  zero  q(z). 

2.  G  contains  exactly  two  simple  zeros  z^,  z,.  Then 
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B  =  Co{-  2i  cos  Aa  +  O  (A-‘))  exp  [A-  {S  (0,  s,)  +  S  (0.  i*))]; 

<x  =  iS  (z^,  2j.  (2) 

The  path  of  integration  for  a  lies/rests  on  G,  at  the  remaining  cases 
-  at  D  and  Re  S(0.  2i)<'0:  c„.  Comparison  with  the  exact  solution  for 
7  (X)  =  f  +  t’och-*  (pi),  £>  0,  (7o>u- gives  coincidence  with  (2). 

Page  72. 

This  case  occurs  for  even  whole  q(z),  which  does  not  have  pure 
imaginary  zero.  With  k — it/2a  (2n4-l)  is  a  resonance  of  the  coefficient 
of  reflection  R. 

3.  G  contains  one  simple  zero  z^  and  one  simple  pole  z,.  Then 
they  are  connected  by  line  C.  and 

B  =  c,  2i  (1  —  cos  A-a  +  O  (A-'))  exp  (A5  (0,  2,)).  (3) 

With  k~>.2)rn/a  there  is  a  resonance  R. 


t 
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Asymptotic  approximations  in  dynamics  of  elastic  layered 
inhomogeneous  medium. 

V.  Yu.  Zavadsky. 

Is  examined  a  special  case  of  moving  the  elastic  layered 
inhomogeneous  medium  when  displacement  vector  U  (x,y,z,t)  satisfying 
equation  of  motion 

-  (X  +  |i)  V  (VU)  +  ^V*U  +  VX  (7U)  +  X  (V  xU)  +  2  (V(iV)U, 

is  located  in  plane  xz,  does  not  depend  on  coordinate  y  and  depends 
on  X,  t  accordingly  multiplier  exp  (— ia>  ((  —  vx)J.  The  density  p  of 
elastic  medium  is  considered  constant,  and  Lame's  parameters  X,  p  - 
changing  only  in  the  dependence  on  coordinate  z  as  the  continuous 
differentiated  functions.  Are  introduced  vector  and  scalar  e  the 

potentials,  connected  with  the  displacement  vector  by  the  formula 

,  u  =  V<p  +  Vx 

and  also  values  S,  T,  connected  with  the  potentials  ^  the 
expressions 

,  S-(X  +  2|*)(f'-e»v>p);  ('-i). 
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showed  that  the  equation  of  motion  for  vector  U  is  satisfied  when 
values  S,  T  satisfy  the  following  system  of  two  differential 
equations 

S’ +  m*Xi(z)S-  mqc^T  +  +  Ivflf)  «  Q; 

r  +  mfju(z)T  +  mqt^S^  S+ti?  =*  0* 

where  are  introduced  the  designations:  ^ 

Xi  (*)  =  <7*  W  —  X*(^  =  <7*  —  fit  —  -  speed  of  longitudinal 

jf '  ‘  ' 

waves;  d  -  speed  of  transverse  waves;  q  ^  iive,  (z)  e,  (z). 
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System  of  equations  for  values  S,  T  is  investigated 
asymptotically  on  the  assvunption  that  u  is  great.  For  the 
determination  of  the  asymptotic  solution  of  this  system  is  used 
Liouville's  method,  which  consists  in  the  fact  that  the  unknown 
values  S,  T  are  represented  in  the  form 

where  A,  B  -  arbitrary  constants;  a(z),  /3(z),  a(z),  b(z)  -  unknown 
functions.  As  a  result  of  differentiation  of  the  given  above 
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expressions  for  S,  T  and  substitution  into  the  initial  equations  is 
obtained  the  system  of  four  nonlinear  differential  equations  for  the 
unknown  functions  a(z},  /3(z),  a(z),  b(z).  These  functions  are  sought 
in  the  form  of  series/rovs  according  to  degrees  u: 
a(t)  =  a,(z)  +  Oic»-‘  4-  .  .  .  :  P  (a)  =  P.  (2)  +  Pi  W  «(*)  ==«•(*)  + (*)«•-*+.  . 

6  (s)  =  60  (2)  +  (z)  .  .  Being  limited  to  terms  0(1),  0(w"*)  and 

throwing/rejecting  the  remaining  terms  whose  contribution  with.»  — oiS's 
small,  we  come  to  following  asymptotic  expressions  for  S,  T: 

SsatCoi  *«  +«%  ♦  Cjflic  ^  + 

r  »  Cji7  f,“  J  jji;- T f + 

.  cfa  * 

where  C^-C,  -  arbitrary  constants;  61=-; — ft,  =  -p  -j  .  On  the  basis 
of  asymptotic  solutions  for  S,  T  are  found  the  asymptotic 
representations  of  scalar  9  and  vector  of  potentials,  that  differ 
from  expressions  given  above  for  S,  T  only  by  the  values  of  values 
5i,  S,.  In  the  latter  case  ft^  =  ,  a  ==  . 

ef  —  ef  cf  —  <7 

Liouville's  method  cannot  be  used  when  coefficients  Xt(z),  Xt(^) 
have  single  zero  at  the  turning  points  ^1.  2,;  x,' (^i)  =»  0/x,  (z)  —  0.  The 
asymptotic  representation  examined  in  the  vicinity  of  turning  points 
contains  the  divergent  terms.  Using  an  asymptotic  method  of  standard 
equation,  it  is  possible  to  write  uniform  asymptotic  solution  for  the 
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potentials  (p,  tp  (and  also  for  values  S,  T),  valid  both  in  the 
vicinity  of  turning  points  and  far  from  them: 


<p  =  ^  (*.  Xx)  +  -r ^  (2*  Xi);  If  =  P  (z.  xt)  +“■*  -  i— j  P  (z.  Xi) 

e,  — f,  ‘j  — 


where  P  (z,  x)  ~  general  uniform  asymptotic  solution  of  the  equation 
of  Sturm  -  Liouville  the  normal  mode 


0  +  <i.*X  (z)  P  =  0; 


P(z,x)  it  satisfies  the  standard  equation 


+  [«*X  (*)  +!-(■'  (2)*  s}]  P  =  0. 


where  (t (z),  z)  -K  V)*  -  Schwarz’s  derivative  of  t(z)  on  z; 

function  r(z)  is  detexuined  in  the  form 

t  (z)  =  [I  jVx  (z)  ,  z  >  X  (2)  >  0; 

t  (Z)  =  -[I  J  y-  X  (Z)*]^.  z<  z,;  X  (Z)<  0:  (X  (z.)  =  0). 


Page  74. 


Since  P(z,  x)  is  expressed  as  the  Airy's  function  -  Foch  w(t)  in  the 
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form  P  (=,  X)  =  .4  It' (2)1  *  Wl-uj2  t(z)l +B(t' (2)1  *  u>(- t]  (/4.  tf—  constants; 
"vlt)  -  the  complexly  conjugated/combined  to  w(t)  function;  w(t),  w(t) 
-  are  linearly  independent),  then  uniform  asymptotic  solutions  for 
the  potentials  can  be  expressed  also  through  function  w: 

—  —  —  o?  a  _B_ 

It'I  *  U)  (— U  »  Tj)  +■  Cjtt"*-;; - f  W  {— 0> “  Tj)  + 

tf  —  C, 

_J._  *.  e*a  _A._  ± 

-f-  C3  (Tjl  *  If  (— (i»3  Tj)  -i-  -y  [t'I  »  «;(—  0)3  Ta); 

,  -  i-  -L  _  i  1. 

If  S  C.  [tj]  *  tt-  (—  0)3  T,)  +  Ct<a~*-  '■  ^  It’]  »  u;(—  0)3  t,)  + 

f,  —  Ci 

--1-  A  e?ff  _A_  A 

+  t'4lT'J  *  W  (— 0»  *  Tt)  +  -3 — *  “'( — W*  ■^l). 

*f  —  *1 

where  Ci-C«  -  constants;  Tj(z),  t,(z)  -  are  determined  through 
Xi(2),  X* (4  analogously  with  function  t(z). 

In  the  report  are  examined  some  properties  of  asymptotic 
solutions  for  values  S,  T  and 

their  connection/communication  with  the  behavior  of 
longitudinal  and  transverse  waves  in  the  elastic  layered 
inhomogeneoiis  medium. 
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Asymptotic  solution  of  the  three-dimensional  problem  about  the 
passage  of  the  short  electromagnetic  waves  through  thin  layers. 

I.  V.  Sukharevskiy. 

Are  examined  the  thin  layers  from  the  dielectric,  limited  by  the 
smooth  surfaces,  locked  or  by  those  exiting  to  infinity.  Layers  are 
assumed  to  be,  generally  speaking,  equidistant;  significant  dimension 
according  to  the  thickness  5  and  wave  number  in  air  k.  are  connected 
with  relationship/ ratio  k,  6<~1.  Layer  G  divides  space  into  two  air 
regions  G^  and  G^.  In  Gi  are  arranged/located  the  sources,  which 
generate  field,  is  subject  to  determination  field  in  any  assigned 
point  set  of  region  G,  (for  example,  on  certain  surface,  which 
belongs  Ga),  and  also  in  the  distant  zone.  The  solution  of  the 
corresponding  electrodynamic  boundary- value  problem  is  found  out  in 
the  form  of  the  products  of  the  oscillating  exponential  factors  with 
proper  phases  (in  each  of  the  regions  G^,  G,  G,)  to  the  power 
(according  to  degrees  S  or,  which  is  equivalent,  according  to  degrees 
1/k,)  asymptotic  series.  The  coefficients  of  these  series/rows  in  Gi 
and  G,  are  usual  position  functions,  and  into  G  -  functions, 
determined  in  the  "stretched"  along  the  standard/normal  layer 
(expansion  of  the  type  of  boundary  layers). 
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This  approach  leads  to  the  alternating  sequence  of  the 
boundary- value  problems,  decided  (asymptotically) 
consecutively/serially;  in  G,  then  in  Gj  and  G,,  then  again  in  G, 
etc.  This  process  makes  it  possible  to  find  any  nijmber  of  members  of 
unknown  asymptotic  expansions.  In  particular,  in  the  zero  asymptotic 
approximation  are  derived  the  formulas,  which  express  field  E,  H  in 
region  Ga  in  the  locked  form  through  the  field  of  primary  radiations. 

Page  75, 

At  the  basis  of  method  lie/rest  some  heuristic  principles,  a 
strict  proof  of  the  asymptotic  character  of  the  obtained  formulas  in 
the  general  case  is  not  carried  out. 

The  proposed  method  is  applicable  not  only  to  the  uniform 
layers,  but  also  to  the  layers  with  the  continuous  or 
piecewise-continuous  (laminar)  heterogeneity.  Furthermore, 
relationship/ ratio  k,6~l  can  be  replaced  with  the  more  general/more 
common/more  total:  — l  (ii>>0  and  besides  is  fixed/recorded). 
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Account  of  repeated  diffractions  vith  the  asymptotic  solution  of  the 
problems  of  diffraction. 

A.  D.  Gondr,  B.  Ye.  Rinber. 

1.  With  solution  of  problems  of  diffraction  on  bodies  of  complex 
form  usually  is  examined  finite  sequence  of  diffractions,  caused  by 
reflections,  by  formation  of  edge/boundary  waves  on  edges,  by  bending 
of  waves  of  shadow  side  of  convex  body  and  so  forth  and  the  like, 
phase  of  each  member  of  solution  satisfying  Fermat's  principle.  An 
essential  deficiency/lack  in  this  method  is  *  avalanche 
(exponential)  increase  of  a  quantity  of  waves,  which  participate  in 
the  diffractions  of  consecutive  multiplicities.  Meanwhile  it  is 
possible  to  show  that  many  all  paths,  which  correspond  to  all 
consecutive  diffractions,  are  the  set  of  all  routes  on  certain 
circuit  (graph/ count)  frrxn  the  primary  source  of  field  to  observation 
point.  The  determination  of  this  circuit  is  the  solution  of  purely 
geometric  problem  and  is  illustrated  in  the  report  based  on  the 
examples  to  diffraction  on  the  strip/film,  the  radiation/ emission 
frcxn  the  open  end/lead  of  the  sectoral  horn,  diffraction  on  two 
cylinders  and  the  radiation/emission  from  the  optical-type  antenna. 

In  the  majority  of  the  cases  this  geometric  equivalent  diagram  of 
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diffraction  (GES)  contains  a  final  quantity  of  components/1 inks  and 
nodes/units.  To  nodes/units  GES  correspond  separate  diffractions 
(i.e.  the  diffractions,  which  correspond  to  simple  self-similar 
problems  -  reflection,  diffraction  during  the  wedge,  the  diffraction 
during  the  convex  body,  the  diffraction  on  the  concave  body). 
Components/1 inks  of  GES  correspond  to  oscillation  loops  between  the 
consecutive  diffractions.  If  we  decompose  the  field,  which 
corresponds  to  each  component/1 ink  of  GES,  along  the  system  of 
multipoles,  then  the  analysis  of  repeated  diffractions  is  reduced  to 
the  analysis  of  equivalent  circuit  (ES),  to  each  component/1 ink  of 
which,  in  contrast  to  GES,  corresponds  the  specific  geometric 
trajectory,  and  the  specific  transmission  mode.  From  the  solution  of 
the  self-similar  problems  of  diffraction  for  each  node/unit  of  S.S  can 
be  determined  the  scattering  matrix  whose  coefficients  show 
transformation  in  directions  and  according  to  transmission  modes. 

2.  Solution  of  problem,  i.e.,  determination  of  amplitudes  of 
multipoles  or  their  diffraction  fields,  is  reduced  to  solution  of 
system  of  linear  equations 

n;  =  .tn;  +  Bn;; 

n-  =  rn;  +  z>n;.  d) 

where  -  column  vector  of  wave  amplitudes,  which  are 

adequate/approach  body  frcmt  primary  source;  /j;  -  column  vector  of 


fTt  Fomiw  TCCHNOkMT  OIV  MltHT-^mtmON  An  OH 
(YHntllM  ON  NAVC  OlmACTION. 

UNCLASSIFIED  FTD-I0(RSir>03*0^ 
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waves,  which  arrive  into  observation  point;  nl,  ni  “  amplitude  of 
adequate/approaching  nodes/units  and  outgoing  from  nodes/units  waves, 
which  circulate  on  internal  components/1 inks  of  ES.  A,  B,  C,  D  - 
pieces  of  partitioned  matrix  ES,  comprised  of  the  coefficients  of  the 
scattering  matrices  of  separate  nodes/units  and  which  correspond  to 
the  transformation  of  external  waves  into  the  external  ones  (A), 
internal  into  the  external  ones  (B),  external  into  the  internal  ones 
(C)  and  internal  into  the  internal  ones  (D).  Since 

n-  =  en*.  (2) 

where  e  -  matrix/die  with  the  single  elements/cells, 
arranged/located  symmetrically  relative  to  diagonal, 


and 


n;  =  (e-z))-‘  cn> 
ii;  =  i.i  +  (e-Dr‘ci  n;. 


(3) 

(4) 


The  obtained  construction/design  of  solution  is  meromorphic 
function  and,  naturally,  describes  all  resonance  phenomena  with  the 
diffraction. 

Page  76. 

3.  As  illustration  of  method  presented  is  examined  asymptotic 
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solution  of  problem  about  radiation/ emission  from  open  end/lead  of 
flat/plane  symmetrical  sectoral  horn  with  sharp  edges.  To  internal 
components/1 inks  of  GES  correspond  the  direct  method  between  the 
edges  of  horn  and  the  paths,  which  correspond  to  reflections  in  its 
internal  cavity. 


To  two  nodes/units  they  correspond  to  the  diffraction  of 
cylindrical  waves  on  the  edges  of  horn.  The  expansion  of 
edge/boundary  waves  is  conducted  according  to  the  system  of 
multipoles  with  the  diagrams  of  form  cos>|))'"  and  sin  >|>  (1  —  cos  ti)/".  where 
m«0,  1,  2,  ...,  f  -  angle,  calculated  off  the  direction  to  the  edge. 
In  this  system  of  multipoles  asymptotic  expression  for  the  matrix 
coefficient,  which  corresponds  to  the  conversion  of  modes  of 
multipole  (1— into  multipole  (l~cos^/  on  the  edge  of 
half-plane  within  ES,  takes  thf  form 


-  \  •  2  / 

Tv?  +  v»)  r  (» -  »  + 1)  r  (<f  T- 1)  ^ 

X  S  (—  yT  ^  +  Vi)  {hT**'*  ?•  ** — '")•  (5) 

A,  -i;  C<«[(cosi^)f '-^”-‘^={008 

(m  +  T  —  •/,)(»  —  «  +  t) -  . 

-Ci"  ((X  ~  t  T  +  ‘/t)*  —  («  +  ‘/J*J  Ci*‘  -  1. 


Plus  sign  corresponds  to  Neumann's  problem,  minus  sign  to  the 
Dirichlet  problem,  R,  e,  -  coordinates  of  multipole,  9  -  direction  to 


r 
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observation  point. 

Expression  (5)  is  inconvenient  for  calculating  the  field  at 
observation  point,  since  does  not  make  it  possible  to  cross  the 
boundary  the  light/world  -  shadow.  Therefore  expression  for  the 
radiation  pattern  of  half-plane,  excitable  edge/boundary  wave  by 
multipole.  (1—coe^y*.  is  written/recorded  in  the  form 

u(a,  (8^- 

9  mm.  ‘ 

CCM  /  »  \  '** 

(,  +  4)-.  _  (1 + c«.r .  +7^.'  s  <•{;)  X- 

X  S (;)<-  f P) 


Page  77. 

\ 

Are  given  some  results  of  calculating  |he  radiation  patterns  of  horn 
on  EVTsM  [  DBUlM  -  electronic  digital  cwputer]. 


4.  In  example  examined  above  were  viied  asymptotic  expansions  for 
edge/boundary  waves  with  diffraction  on  nmlf-plane.  For  the 
illustration  of  the  applicability  of  meth«  in  other  cases  is 
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examined  the  method  of  calculation  of  matrix  coefficients  in  the  task 
of  diffracting  the  plane  vave  on  two  cylinders  and  the  account  of  the 
multiple  reflections  of  edge/boundary  waves  on  the  concave  surface  of 
optical-type  antenna. 
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Asymptotic  solution  of  the  equations  of  Maxwell  near  caustics. 

Yu.  A.  Kravtsov. 

As  is  kno%m,  the  asymptotic  solution  of  the  equations  of  Maxwell 
for  the  method  of  the  geometric  optic/optics  becomes  meaningless  near 
caustics,  on  which  the  amplitudes  of  zero  approximation  go  to 
infinity.  In  this  work  is  sho%m  how  should  be  modified  the  usual 
method  of  geometric  optic/optics,  in  order  to  reduce  the  divergence 
of  the  amplitudes  of  zero  approximation  on  the  simple  caustic  curve, 
after  preserving  at  the  same  time  ray  representations.  Specifically, 
the  solution  of  the  equations  of  Maxwell  is  sought  in  the  form 

E  =»  1  [(M  +  N)  H»  -  :^L  (M  -  N) 

(1) 

H  -  [(P  +  Q)  w  (P  -  Q)  w' 

where  w(t)  -  the  Airy's  function,  which  satisfies  equation; 

uf  (t)  —  tw  (t)  »  0, 

w'(t)  -  its  derivative,  and  M,  N,  P,  Q,  and  -  tinknown  values. 
After  assuming  M  -  M, +-y  M, N  »  N,+ ^Ni+-^N,+  -  and  so 
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forth,  it  is  possible  to  show  that  solvability  conditions  of  the 
equations  of  zero  approximation  are  vritten/recorded  in  the  form 

(Vt|»o*  =  e,  -  0 

or,  if  we  introduce  eikonals  Vi,,  =  j(— ti/'*,  i*'  the  form 

.  (VW  -  c.  (2) 

moreover  on  catistic  .  and  »  0. 

To  surfaces  T,  =  const  and  T,  =  eonsti  which  far  from  the  caustic 
curve  coincide  with  the  constant-phase  surfaces,  it  is  possible  to 
compare  ork.wogonal  ones  by  them  the  family  of  the  rays/beams  which 
correspond  to  the  incident  and  reflected  waves  and  coincide  with  the 
rays/beams  in  the  approximation/approach  of  geometric  optic/optics. 

Page  78. 

If  t,.,  a  -.single  tangential  vectors  to  indicated  Yearns 

Bt.t  and  ~  normal  and  binormal  to  them,  then  in  the  z%ro 

approximation  amplittides  are  equal  to 

M,  -  *PiB,  +  N,  *  F,n,  -r  F,!*,, 

P,  -  Q,  =  Fjb,  -  F,b,„ 

where  functions  and  F,.s  arc  found  from  solvability  conditions 
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of  the  equations  of  the  first  approximation: 


on  the  condition  that  the  further  on  caustic  curve  Fi=  <I>),  F,  =  <J>,  (in 
the  equations  (4)  =  and  T,  -  radii  of  torsion, 

and  dffi  and  do  a  -  elements  of  length  of  falling/incident  and 
reflected  beams).  Equations  (3)  are  analogoiis  to  the  usual  lavs  of 
conservation  of  intensity  in  the  ray  tube,  however,  in  contrast  to 
the  approzimation/approach  of  geometric  optic/optics,  on  the  caustic 
e’vplitudes  and  are  final,  since  the  decsease  of  the  section 
of  ray  tube  up  to  zero  is  ccnnpensated  by  factor  ■  ■■*  . .  Equations  (4) 
are  the  known  law  of  the  rotation  of  the  plane  of  polarization  of 
wave. 


The  described  method  of  the  determination  of  the  asynqptotic 
solution  of  the  equations  of  Maxwell  possesses  that  advantage,  which 
gives  the  demonstrative  picture  of  shaping  of  the  field  of  wave  near 
the  simple  caxutic  curve.  As  far  as  cosqplicated  caustic  surfaces  are 
concerned,  comparison  of  the  method  presented  with  the  developed  at 
present  mathematical  theory  of  the  asymptotic  solutions  of  the 
quantum-mechanical  problems,  and  also  with  the  methods  of  the 
solution  of  the  problems  about  the  propagation  of  waves  in  the 
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plane-layered  media  shows  that  also  in  this  case  can  be  successfully 
\ised  the  ray  representations;  however,  instead  of  the  Airy's 
functions  in  solution  (1)  should  be  used  other  standard  functions, 
which  correctly  reflect  the  character  of  the  behavior  of  field. 
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Considerations  of  locality  in  tasks  of  diffraction  of  short  waves. 

V.  M.  Bavich. 

The  asymptotic  behavior  of  the  solutions  of  the  problems  of 
diffracting  the  short  waves  possesses  the  remarkable  property  of 
locality  which  can  be  formulated  as  follows: 

1)  asymptotic  formula  for  solving  of  u(M,  k)  of  diffraction  task 
(M  -  observation  point,  k  -  wave  number,  * is  divided/marked  off 
into  the  sum  of  the  asymptotic  formulas 

9  =  *),  ■ 

moreover  componentsyterms/addends  *)  are  located  in  one-to-one 

conformity  with  the  rays/beams,  constructed  according  to  the 
principle  of  Fermat  and  which  arrive  into  point  M  or  which  pass  in 
immediate  proximity  of  M; 

2)  the  phase  of  each  component/term/ addend  Ui{M,  k)  is  the  usual 
phase,  computed  from  the  rules  of  geometric  optic/optics; 


3)  the  asymptotic  behavior  of  each  component/term/ addend 
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ui{M,  K)  when  k-*oa  depends  only  on  wave  field  at  the  arbitrary 
point  M,  on  the  ray/beam,  which  corresponds  Ui(M,  it),  and  from  the 
character  of  the  field  of  rays/beams  and  medium  in  the  vicinity  of 
the  segment  of  ray/beam  M«M.  (it  is  assumed  that  the  wave  goes  from 
M,  to  M). 

Page  79. 


Rules  1)  2)  3)  are  formulated  sufficiently  not  defined,  since  it 
is  unclear:  a)  to  what  tasks  are  applicable  these  constructions;  b) 
if  they  are  applicable,  then  they  need  the  refinement  of  the  concept 
of  the  "character  of  the  field  of  rays/beams  and  medium  in  the 
vicinity  of  the  segment  of  ray/beam  M,M",  In  spite  of  an  inaccuracy 
in  the  formulations,  these  considerations  of  locality  have  large 
heuristic  value.  Sometimes  for  the  derivation  of  asymptotic  formulas 
it  is  necessary  to  draw  on  further  considerations.  Of  course 
positions  1)  2)  3)  are  not  new;  however,  the  consecutive 
use/application  of  these  positions  makes  it  possible  not  only  to  give 
the  new  method  of  obtaining  some  already  known  formulas,  but 
sometimes  gives  the  possibility  to  obtain  new  formulas.  As  an  example 
of  the  derivation  of  known  formula,  let  us  consider  the  task 


j/,): 


/*a) 


(1) 


00 
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(here  S  convex  smooth  duct/contour). 

Let  observation  point  M  be  located  on  the  light/vorld.  In  point 
M  come  two  rays/beams:  the  straight  line  M,M  and  reflected  M,s,M 
Let  ijs  solve  task  (1)  for  the  circle  of  curvature, 
corresponding  to  s«.a  -  this  sblution  of  the  field  of  rays/beams 

for  the  solution  of  the  problem  about  the  circle  of  curvature,  and  in 
the  case  of  task  (1)  they  coincide  in  the  first  approximation,  both 
for  the  straight  lines  and  for  the  reflected  beams.  Therefore 
asymptotically 

4 

u  {M,  k)  =  (iW,  A),  (2) 

which  far  from  the  maximum  rays/beams  coincides  (asymptotically)  with 
the  usual  geometric-optical  approximation/approach,  and  near  the 
maximxim  rays/beams  -  with  V.  S.  Buslayev's  formula  [1]. 

As  an  example  of  the  derivation  of  new  formula  let  us  consider 
task  (1)  with  the  replacment  of  condition  u|s  =  0  to  impedance 
^  («)  u|8  =>  0.  The  same  considerations  lead  to  hypothetical  formula 

(2),  where  -  solution  of  problem  for  the  impedance  circle  of 

curvature,  for  that  case  when  impedance ‘g*g(s, ) -const .  Integral 
equation  of  the  Brsell  type  makes  it  possible  to  strictly  demonstrate 
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formula  (2)  in  the  impedance  case,  it  is  more  precise  the  formula 

/  _  J _ 

(M,  Mf,k)  =  (M,  s^,  k)  +  0\k  *  ®  )  (Reg  >  const ^0.  AffiS).  (3) 

Thus,  formula  (2)  is  accurate  in  the  "darkened"  penumbra,  as  long  as 

I  *f*KPTr  A)|  ^  o(k  »  »  )  . 

Substituting  circle  of  curvature  by  adjacent  ellipse  in  which  at 
point  s.  both  the  curvature  and  derivative  of  it  in  the  arc  coincide 
with  the  same  values  for  S  in  s,,  it  is  possible  in  formula  (3)  to 
replace  by  and  (?(rT-T)  by  ©(Aj-f-f). 

The  same  considerations  of  locality  and  some  further 
considerations  make  it  possible  to  obtain  asymptotic  behavior  u  (M,k) 
in  a  deep  shadow  both  near  and  far  from  the  duct/contour.  This  gives 
both  the  known  formulas  of  Keller  and  their  generalization  to  the 
case  of  impedance  cylinder. 
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Page  80. 

Change  of  the  character  of  peculiarity  at  the  front  of  slide  after 
passage  by  the  front  of  caustic  curve. 

V.  S.  Buldyrev. 

Let  in  the  medium  extend  the  usual  wave  front  and  let  in  the 
vicinity  of  front  the  wave  field  be  is  assigned  in  the  form 

(T)  {*4  (T)>. 

where  r  *  distance  from  front  (r  =  t  -  time,  r  (P)  -  the 

quasi-length  of  ray/beam,  P  -  the  point  of  space),  e(T)  = ^ 2  A(P)  — 
the  intensity  of  wave  field  at  the  front  and  /3  -  certain  constant. 
Then  after  passage  with  the  front  of  the  wave  of  caustic  curve  the 
character  of  special  feature/peculiarity  at  the  wave  front  is 
changed.  After  the  caustic  curve  at  the  wave  front  the  wave  field  u 
will  have  a  special  feature/peculiarity  of  the  form 

(arg  npH  T<0). 

Key:  (1).  with. 

In  the  geometrical  shadows  can  extend  the  surfaces,  on  which  all 
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derivatives  of  wave  field,  although  they  remain  continuous, 
nevertheless  the  analytical  character  of  wave  field  is  broken.  Such 
surfaces  were  called  the  fronts  of  slide.  In  the  vicinity  of  the 
front  of  slide,  which  extends  on  the  undisturbed  space,  wave  field 
can  be  represented  in  the  form 

22^  -  i  »•/.  (jT,*-*/. 

«  =  (T)  *  + 

where  r  -  distance  from  the  front  of  slide,  5>0  and  /3  -  some 
constants. 

In  the  present  work  it  shows  that  with  the  passage  with  the 
front  of  the  slide  of  caustic  curve  the  character  of  special 
feature/peculiarity  is  also  changed.  After  the  caxistic  curve  the 
special  feature/peculiarity  will  not  be  already  so/such  simple.  After 
passage  by  the  front  of  the  slide  of  caustic  curve  the  nonanalytic 
part  of  the  wave  field  is  described  by  the  function 

oo 

This  function  is  investigated,  and  for  it  are  de rived/ cone liided 
different  representations. 
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Application  of  continuoiis  integrals  for  the  derivation  of  short-wave 
asymptotic  behavior  in  the  diffraction  problems. 

V.  S.  Buslayev. 

Report  is  dedicated  to  the  use/application  of  continuous 
integrals  for  the  conclusion/output  of  short-wave  asymptotic  behavior 
in  the  two-dimensional  and  three-dimensional  tasks  of  diffraction  on 
the  smooth  convex  objects  (ducts/contours  and  surfaces).  Almost  all 
formulas,  which  thus  far  it  was  possible  to  obtain  with  the  help  of 
the  continuous  integrals,  were  derived  earlier  by  other  methods; 
however  the  method  of  continuous  integrals  leads  to  them,  apparently, 
is  more  naturally:  it  is  sufficiently  simple  and  uses  no  a  priori 
ass\]mptions  about  the  character  of  asymptotic  behavior. 

Page  81. 

We  will  for  the  certainty  examine  the  two-dimensional  case  and 
the  infinite  smooth  convex  duct/contour  L.  The  exterior  of  this 
duct/contour  let  us  designate  through  D.  Is  examined  the  task 

(-  A,—  **)r,  (x,  X’;  *)  =  6  (X  -  x  )  (*>  0;  x,  x'  e  D), 
r_(jeL=  0;  ■»  Oh  ycJXOBRH  naayHHBHH  npa\x]  -*  so. 
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Key:  (1).  and  radiation  condition  with. 


Let  us  designate  through  |  and  q  the  orthogonal 

variable/alternating  in  D  region,  such,  what  D  region  is  mapped  onto 
half-plane  -  oo<  g<oo,  t|>0.  function 

^  (i.  Tj:  I’,  ti';  t)  (-  oo<  5,  5';  n,  V  <  oo)satisfy  the  equation 


<? 


and  the  initial  condition 

Qt^  a;»  6  a  i)  ft  (,  _  T)'). 

Here  At  and  A,,  when  ti>0—  Lame's  coefficients  system  (,  i]|  and 

At, .1(6.  T))  sAt.,(5.  -^i)  when  ij<o.  It  is  easy  to  see  that 


where 


(»,  A)  ®=  ^  (»,  x';  t). 


G,  (*.  /)=  <?  (5,  tj;  6',  II';  /)  T  ^  (E,  n;  E'.  -n';  0 


and  c  -  certain  duct/contour  in  the  complex  plane  t. 

Function  Q  can  be  represented  with  the  help  of  the  continuous 
integral  which  is  symbolically  written/recorded  as  follows: 
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Q  (6. »»;  6'.  n':  0 


5' 


II  h,Kdi  (t)  dx\  (t). 


(1) 


Integration  is  conducted  according  to  trajectories 

<1  (T).  n  (t)}  5(0  <  t  <  0.'  5  (0)  =  6,  n  (O)  »  n.  I  (<)  =  C'.  n  (0  =  n'- 


The  initial  task  about  asymptotic  behavior  r  when  a;  -.  +  so 
is  reduced 'to  the  task  about  the  asymptotic  behavior  of  function  Q 
when  If!  -0  (Kef>0j;  and  this  task  in  turn,  leads  for  integral  (1),  to 
the  steepest  descent  method.  Applying  the  steepest  descent  method,  we 
obtain  either  the  Gaussian  continuous  integrals  which  easily  are 
computed  by  known  methods  or  the  continuous  integrals,  which  lead  to 
the  Airy's  functions. 


Let  us  note  also  that  continuous  integrals  can  be  \ised  not  only 
in  the  task  of  diffraction  examined  on  the  smooth  convex  objects,  but 
also  in  other  diffraction  tasks  (for  the  uneven  bodies  and  in  the 
inhomogeneoxis  media). 
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Behavior  as  a  whole  of  the  discontinuities  of  hyperbolic  systems  and 
the  problem  of  unsteady  diffraction  and  refraction. 

V.  P.  Maslov. 

The  problem  of  unsteady  diffraction  in  the  mathematical 
literature  has  two  basic  aspects.  First,  is  studied  the  behavior  of 
the  interruption/discontinuity  of  the  solution  of  hyperbolic 
equation.  In  the  second  place,  is  investigated  the  solution  of 
hyperbolic  equation  with  oscillating  initial  data. 

Page  82. 

Connection/communication  between  these  tasks  is  in  detail 
investigated  in  the  work  of  P.  Lax,  R.  Kurant  and  P.  Lax,  which  were 
reflected  in  the  latter/last  publication  of  R.  Kurant's  book 
"Msthematical  physics".  The  most  general/most  common/most  total 
result  about  the  expansion  of  discontinuous  solution  in  the 
series/rows  is  obtained  in  the  article  of  Ludwig  and  the  fundamental 
work  of  V.  Babich. 

In  all  these  works  is  studied  the  behavior  of  the  solution  of 


DOC  >  82036005 


PAGE 


hyperbolic  equation  only  to  that  moment  of  time  when  the  front  of 
interruption/discontinuity  does  not  have  special 

features/peculiarities,  i.e.,  in  generally  speaking,  for  sufficiently 
short  time  t  (in  small). 

In  the  physical  literature  is  i'^ vestigated  the  behavior  of 
solutions  in  the  vicinities  of  the  special  singularities  of  wave 
front.  Yu.  Gazarian  and  V.  Babich  investigated  in  the  two-dimensional 
case  the  behavior  of  solution  upon  transfer  through  the  simple 
caustic  curve. 

The  author  studied  behavior  at  the  arbitrary  moment  of  the  time 
(i.e.,  as  a  whole)  of  the  solutions  of  the  broad  class  of  the 
hyperbolic  systems,  which  satisfy  the  disruptive  and  oscillating 
initial  conditions.  In  particular,  the  studied  systems  include  wave 
and  Maxwell  equations  with  the  boundary  conditions  on  the  smooth 
surfaces. 

Let  us  illustrate  basic  result  based  on  the  simplest  example  of 
scalar  wave  equation  in  the  inhomogeneous  medium. 

Let  us  consider  solution  of  u(x,t}  (x  =  xi,  z*, . . x.)  of  the 


equation 
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oft  ~  ^  (*)  *1*  *!•  •  •  ••  (1) 

satisfying  the  disruptive  initial  conditions 


tt  |/«o  =  <p  (*)  6  [/  (i)I;  a,'_  =  0, 


where 


Key;  (1).  with.  (2).  and. 


sufficiently  smooth  functions,  and,  furthermore,  <p(x)  is  finite. 


It  is  not  difficult  to  see  that  u(x,t}  can  be  represented  in  the 
form  of  the  half>suro  of  two  solutions  u*  and  u~  wave  equation 
(1),  that  satisfy  the  initial  conditions 

=  B“  (<-*  =  q>  (*)  9  (/  (*)], 

,  ,  (2). 

(tt*),.,  _  (u  ),^  =  q,  (x)  e  (x)  I  gnd  /  (i)  | «(/  (x)J. 


Therefore  we  will  pause  at  the  solution  of  precisely  these 
problems.  The  behavior  of  the  interruption/discontinuity  of  solution 
with  t>0  is  defined,  as  is  known,  by  the  solution  of  the  equations  of 
characteristics  and  bicharacteristics. 
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Characteristic  equation  for  the  wave  equation  takes  the  form 


^^±e(x)\ss'- 

/.  e 


P  Pit  •  •  M  Pnt 

Let  US  assume  (p.  i)  =  ±|p|c(*),  whereASign  ♦  corresponds  u*,  sign  - 
corresponds  u~.  For  the  certainty  we  will  examine  task  for  u^ 
moreover  sign  we  will  lover. 


Page  83. 


Thus,  u(x,t)  -  the  solution  of  equation  (1),  which  satisfies 
condition  (2).  Bicharacteristic  system  takes  the  form 


=«  0. 


For  solutions  of  this  X(t),  p(t),  s(t)  system  are  placed  special 
form  the  initial  conditions 

(0)  =  X,;  p  (0)  =»  gwd  /  (x,);  »  (0)  =  /  (ar,). 

We  will  examine  the  family  of  bicharacteristics  X(t)  and  let  us  place 
X  (x,,  t)*x,  (t),  where  x,  belongs  to  the  carrier  of  fxinction  e(x). 
For  sufficiently  small  t<t,  bicharacteristic  X  (x.,  t)  they  do  not 
intersect  and  the  jacobian 


1 
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Y  (*„  /)  =  det 


«t  («*.*)  II 

“^1 


is  different  from  zero. 


Let  us  designate  through  d,  the  vicinity  of  discontinuity 
surface  f(x)-0. 

ei(x)  -  smooth,  finite  function,  equal  to  zero  outside  and 

equal  to  1  in  certain  vicinity  of  disruptive  surface. 

Let  us  consider  task  as  a  whole.  Let  us  designate  through  M 
(x,t)  set  of  functions  x,(x,  t)  ■*  the  solutions  of  the  implicit 
equation  X(x,,  t)«x. 

Thus  far  bicharacteristics  do  not  intersect,  set  M(  x,t) 
consists  of  one  point. 

Determination.  Point  x,,t  (where  is  called  focal,  if  Y 

(t,,  t)-0. 

By  the  author  is  introduced  the  determination  of  index '  r(x„t)  of 
bicharacteristic  X(x,,  t).  This  is  >  integer.  If  with 
e(z,)  l  gni(i7(i,)|  »  eoBft,  r  (aw  0  is  an  iridex  according  to  iforse. 


uaa 


ism 
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Theorem.  c(x),  £(x),  e(x)  -  the  sufficiently  smooth  functions  of 
its  arguments,  grad  f(x)^0  and,  furthermore,  e(x)  -  finite  function. 

Let  set  M(  x,t)  not  contain  focal  points,  then  it  consists  of  a 
finite  nianber  of  points  xH  (*.t)  k-1,  2,  ...,  K. 


Under  these  conditions  solution  u(x,t)  can  be  represented  in  the 

form 


K  fr  (jr*  /)  j 

u  (x,  t)  =  e  (z)  V  (-~  1)1  i  J  -  l/K)! 


V\  Y(4.t)\c(x*) 


+  z  (x,  t). 


where  /'(5)=e(6),  ^'(4. 0>0  and  />($)== — l!LiiL  if  r(4,  i)<0*  and 

♦  -  iX  . 

z(  x,t)  continuous  at  point  x,  t  function. 


Thus,  upon  transfer  through  the  focal  points 
interruption/discontinuity  can  endure  "metamorphosis"  being  converted 
from  9(/(x,))  B— 1/«  |/(xj|  and  vice  versa. 

Let  us  note  that  formula  (3)  was  not  obtained  also  in  the 
physical  literature. 


From  the  fundamental  theorem  proved  by  the  author  follows 
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considerably  more  general/common/total  confirmation  relative  to  the 
taken  apart  example.  Specifically,  efficiently  is  constructed  this 
function  u,(  x,t),  that  difference  u-u«(x,t)  belongs 
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Behavior  of  the  solution  of  the  equation  of  Helmholtz  in  a  shadow 
zone  after  the  caustics  in  inhomogeneous  medium. 

V.  P.  Maslov. 

Is  examined  solution  u{x)  {x  =  xt,...,  xt).of  the  equation 
Au  +  «u-n  (X)  U  =  0,  (1) 

where  n<x)  is  analytical  on  the  real  hyperplane,  moreover 

n(x)  ^  nl  +  0{  \x\  -*)  npH  j or  1  -►  ». 

Key;  (1).  with. 

Let  us  note  that  n(x)  can  reverse  the  sign. 

Let  us  assxune  that  from  infinity  along  the  axis  Xx  falls  the 
plane  wave.  The  account  of  this  fact  and  conditions  for 
radiation/ emission  leads  to  the  requirement  _ 

l-k  1-* 

u (X) 4- i X  *  /(<p)«**^'*'  +  <»(!x|  *  ),  (2) 

where  <f  . angular  coordinates  in  the  spherical  coordinates 
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in  k-dimensional  case,  and  f(<p)  -  certain  unknown  function. 

The  asymptotic  formulas,  which  describe  the  behavior  of  the 
solution  of  task  {l)-(2)  in  the  shadow  zone,  even  in  the 
two-dimensional  case  were  not  known. 

It  proves  to  be,  the  asymptotic  behavior  of  solution  in  the 
shadow  zone  is  determined  by  the  complex  solutions  of  the  equations 
of  geometric  optic/optics.  Asymptotic  behavior  is  determined  by  all 
nonhomotopic  between  themselves  complex  rays/beams,  which  arrived  at 
this  point.  These  complex  rays/beams,  similar  to  usual  real  ones, 
form  caustics  and  foci.  The  order  of  the  smallness  of  solution  with 

at  such  focal  points  is  lower  than  in  nonfocal.  Thxjs,  focal 
points  prove  to  be  "more  light". 

The  author  gave  the  uniform  asymptotic  behavior  of  the  solution 
of  task  (l)-(2). 
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Reflection  of  pulse  signals  from  the  Epstein  layer. 

L.  N.  Bezruchenko. 

Is  examined  the  known  solution  for  the  Epstein  layer,  expressed 
through  the  hypergeometric  functions,  and  on  his  basis  is  constructed 
the  solution  of  unsteady  problem.  With  the  enlistment  of  asymptotic 
methods  is  conducted  the  research  of  solution  in  the  vicinity  of  wave 
fronts.  For  the  series/row  of  the  concrete/specific/actual  forms  of 
pulse  signals  in  the  high  speed  computer  were  performed  the 
calculations  of  the  fields  whose  results  are  given  in  the 
communication/report. 
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Unsteady  propagation  of  waves  in  a  heterogeneous  half-space  with  the 
minimum  of  velocity  of  propagation. 

I.  A.  Molotkov,  1.  V.  Mukhina. 

Is  examined  the  unsteady  propagation  of  waves  in  the 
heterogeneous  stratified  half-space  >>0(x,  y,  z  -  Cartesian 
coordinates),  that  is  reduced  to  following  flat/plane  mixed  problem 
for  finding  the  function  u(x,  z,  t): 

Uxx -V  Uft  —  n' (z)  Uti  —  0,  ) 

u  (ar,  r,  0)  =  tt,  (X,  3,  0)  =.  0,  u  (x,  0,  t)  =  *  (^)  *(0-  ^ 

Page  85. 

Function  n(z}  is  considered  having  sole  maximum  with  z>z,  and 
not  increasing  with  z>Zi,  analytical  with  0<z<z,,  where  z,>Zi, 
n(z,)<n(0)  <n(Zi),  piecewise-continuous  with  z>z,  and  with  z-»»  is 
sufficient  rapidly  that  approaching  constant  value. 

There  is  greatest  interest  in  the  propagation  of  waves  in  the 
layer  0<z<z,.  Here  appears  shadow  zone  with  respect  to  the  incident 
wave.  Both  in  the  illximinated  and  in  the  shadow  zones  rays/beams 
turn,  are  formed  diverse  caustics.  On  the  discontinuity  surfaces  or 
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removable  discontinuities  n(z)  appear  the  leading  waves.  On  the  basis 
of  Fermat's  principle  are  investigated  the  equations  of  rays/beams 
and  fronts  of  different  waves. 

The  exact  solution  of  task  (1)  is  expressed  by  the  repeated 
integral  of  Fourier  and  Mellin  through  the  combination  of  independent 
solutions  <z,  k.  s),*j«l,  2  equations 

=  (2) 

k  and  s  -  the  variable/alternating  integrations  of  Fourier  and 
Mellin. 

Basic  content  of  this  investigation  -  obtaining  from  exact 
solution  (1)  of  asymptotic  representations  for  u(x.  z.  t)  near 
different  fronts  and  fronts  of  slide.  To  these  asymptotic 
representations  corresponds  the  asymptotic  behavior  of  Hell in’s 
integrals  in  k-»«». 

With  0<z<z,  and  k*-»«  function  (z,  k,  s)  are  expressed 
asymptotically  through  the  functions  of  the  parabolic  cylinder  of 
complicated  argument  and  mark.  In  different  regions  of  plane  s  this 
general/common/total  asymptotic  representation  gives  formulas  (which 
it  is  natural  to  name  the  formulas  of  Debye  and  Foch),  analogous  to 
the  appropriate  formulas  for  the  Hankel  functions.  Is 
established/installed  location  of  zeros  (z,  k,  s)  in  plane  s  with 
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Function  u(x,  z,  t)  is  divided/marked  off  into  the 

components/terms/addends,  that  correspond  to  different  waves,  which 

appear  in  the  medium  in  question.  From  each  composed  bv  different 
is  segretated  a  non-analytical  part  of  the  field  u(x,  z,  t)  considered 
receptions/procedures  contour  integration^as  the  function  of  the 

parameter  7  (x,  z,  t),  which  makes  sense  of  distance  of  the  ray/beam 

of  the  appropriate  front  or  front  of  slide.  As  a  result  in  the 

vicinity  of  each  special  surface  7>0  for  function  u(x,  z,  t)  is 

obtained  the  representation  in  the  form  of  the  sum  of  asymptotic 

expansion  with  7'-»0,  which  is  determining  the  behavior  of  the 

nonanalytic  part  of  the  field,  and  regular  functions  from  7.  If  7-0 

there  is  a  surface  of  the  first  entrance  for  the  field,  then  the 

corresponding  regular  function  from  7  is  identically  equal  to  zero. 

At  the  front  of  the  incident  wave  the  field  proves  to  be  order 
T‘'’e(T)-  where  e(r)  —  the  unit  function  of  Heaviside.  4t  the  fronts  of  the 
reflected  and  turned  wave  is  a  special  feature/peculiarity  of  form 
7-*/’.  At  the  primary  front  of  slide  field  behaves  as  esp(— cdr' )e(T>, 
where  5  -  arc  length  of  slide,  c  -  positive  constant,  which  depends 
on  values  of  n(0)  and  n'(0).  More  complicated  proves  to  be  special 
feature/peculiarity  at  the  second  front  of  slide,  formed  by  the 
turned  rays/beams.  Finally,  special  feature/peculiarity  at  the  front 
of  leading  wave  depends  on  the  character  of  special 


>  "illllimi  i  lnw  I  '  i.-aear-v 
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feature/peculiarity  n(z)  with  z>Z}.  For  example,  in  the  case  gallop 
n'(z)  field  at  the  front  of  leading  wave  proves  to  be  order T‘'*e(T)- 
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Page  86. 

Application  of  standard  equations  for  studying  the  propagation  of 
electromagnetic  waves  in  the  smooth  heterogeneous  isotropic  and 
anisotropic  ionospheric  layers. 

G.  1.  Makarov,  V.  V.  Novikov. 

In  the  number  of  previous  research  (l)-(3)  was  developed  the 
method  of  standard  equations  in  connection  with  the  solution  of  the 
problems  about  the  propagation  of  electromagnetic  waves  in  the  smooth 
heterogeneous  isotropic  ionospheric  layers  the  refractive  index  of 
which  possesses  simple  zero.  In  the  present  work  the  method  of 
standard  equations  is  generalized  in  two  directions.  First,  is 
examined  radiowave  propagation  in  the  isotropic  heterogeneous  layer 
with  the  complicated  turning  point  at  which  together  with  the 
refractive  index  they  are  converted  into  its  zero  firsts  2n  of 
derivatives.  Is  analyzed  the  case  both  of  normal  and  oblique 
incidence  in  plane  electromagnetic  wave.  Is  constructed  the  standard 
solution  of  the  equations  of  Maxwell  in  entire  space  which  is 
expressed  either  through  the  Hankel  functions  with  the  fractional 
mark,  or  through  the  Whittaker  functions.  The  analysis  of  solution 
shows  that  at  large  distances  from  the  mirror  point,  determined  by 
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the  inequality 

i<(0)=oi. 

0 

the  field  reflected  does  not  depend  on  the  order  of  zero  refractive 
indices.  In  the  vicinity  of  mirror  point  is  observed  the  "inflation" 
of  the  amplitude  of  electric  field,  moreover  the  "inflation"  proves 
to  be  larger,  the  higher  the  order  of  zero  of  refractive  index. 


In  the  second  place,  the  apparatus  for  standard  equations  is 
applied  for  the  construction  of  the  solution  of  the  problem  about  a 
normal  incidence  in  plane  electromagnetic  vave  on  the  heterogeneous 
anisotropic  ionospheric  layer.  The  presence  of  magnetic  field  leads 
to  the  fact  that  the  refractive  index  of  one  of  the  characteristic 
waves  together  with  zero  possesses  simple  pole.  Is  constructed  the 
standard  solution  of  the  equations  of  Maxwell  in  entire  space  which 
is  expressed  as  Whittaker  functions.  Is  analyzed  the  effect  of  the 
pole  of  refractive  index  on  the  reflection  coefficient. 
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Page  87. 

Ground  waves  in  problems  abo\:it  the  propagation  of  waves. 

E.  M.  Gyunninen,  G.  I.  Makarov. 

In  the  work  is  examined  the  task  about  the  radiowave  propagation 
above  flat/plane  and  spherical  earth.  As  the  source  is  selected 
vertical  electric  dipole.  It  is  shovm  that  for  the  inductive  routes 
the  field  carries  suriace  character,  moreover  if 

-  -f  X' 

where  5  -  given  surface  impedance,  in  the  solution  is  selected  the 
term,  which  makes  sense  of  the  ground  wave  whose  phase  speed  is  lower 
than  the  speed  of  light  (in  contrast  to  the  wave  of  Tsennek).  In 
detail  is  examined  the  form  of  phase  fronts  near  the  earth's  surface. 
It  is  possible  to  show  that  the  surface  character  of  field  can  be 
connected  with  energy  exchange  between  the  bottom  and  upper  part  of 
the  wave.  Further  is  given  and  is  analyzed  the  solution  of  the 
problem  of  Foch  for  the  case  of  the  laminar  underlying  surface.  It 
proves  to  be  that  in  the  illuminated  region  (case  of  formulas  of  the 
type  Weyl-Van  der  Pol)  of  the  condition  of  the  emergence  of  ground 
wave  and  its  form  the  same  as  for  the  earth/ground  of  flat/plane. 


I 

i' 
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For  studying  the  field  in  the  shadow  zone  is  examined  the 
dynamics  of  eigenvalues  with  a  change  in  the  modulus /module  and 
argijment  5  and  it  is  shown, that  the  presence  of  this  dynamics  can 
explain  some  parts  of  the  surface  character  of  wave.  As  in  the 
flat/plane  case,  is  examined  energy  exchange  between  the  bottom  and 
upper  part  of  the  wave. 
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Radiowave  propagation  above  the  heterogeneous  route. 

Yu.  M.  Yanevich. 

Is  examined  the  field  of  the  vertical  electric  dipole  above  the 
earth/ground  for  those  cases  when  the  electrical  properties  of  the 
;inder lying  surface  vary  along  the  route  of  propagation.  The  use  of 
the  approximate  boundary  conditions  makes  it  possible  to  reduce  the 
problem  to  finding  of  the  corresponding  fxjnction  of  weakening,  in 
this  case  is  accepted  the  model  of  the  piecevise-uniform  route.  The 
effect  of  the  subsequent  section  on  previous  is  not  considered,  is 
excluded  also  from  the  examination  certain  small  vicinity  of 
interface  where  the  properties  of  route  vary  sharply. 

Initial  for  the  calculations  is  the  known  formula  of  Feynberg 
[1]  for  the  piecewise-discontinuous  route.  Is  investigated  the  case 
most  difficult  for  the  calculation,  when  one  of  the  sections  has  a 
small  extent,  and  in  its  limits  route  can  be  simulated  by  plane. 

Without  making  further  limitations,  is  obtained  expression  for 
the  function  of  weakening  in  the  case  two-  and  three-piece  route  (one 
of  the  sections  is  considered  short). 
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The  unknown  expression  for  the  two-piece  route  takes  the  form 


IF,  {D)  =  y  in  X 

. 

V^~V~.  ^  .’'■’a  4  V 

+  J  ^  11  -VF4(.s„  r„)l  2  ,  -,-1-7-  • 

y  ^'n  JTl  ‘|-?i  “f-f  'KJ 


where  a  -  radixis  of  the  earth,  k*tj/c  -  wave  number,  D  -  complete 
distance,  transmitter-receiver,  >k. /-.a  —  the  length  of  short  and  long 
sections  #K.a—  the  factor  of  nximerical  distance  (short  and  long 
sections  respectively),  -  normal  fxmction  of  weakening 
Sommerfield; 

(ka\’t  I 

0U  =  ;‘i7a(y)  — . 


where  ti  —  eigenvalues  [2], 


and  finally 


1 


o 

O  (Kai '■k)  =  y  5  J  e-‘’dz.  • 

0 

Page  88. 


Analogous  formula  is  obtained  also  for  the  three-piece  route. 
The  obtained  expressions  can  be  considered  as  the  generalisation  of 
results  [1]  and  [3]  for  the  case  when  one  of  the  sections  of 
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heterogeneous  route  is  small.  Is  shown  that  qualitative  behavior  of 
the  function  of  weakening  can  be  described  by  the  formula 

iK.v  (z>)^Tr.v.,  (^){i  - 

during  the  intersection  of  boundary  "dry  land"  -  "sea"  and  by  the 
formula 

I  K«V*  J 

in  the  case  of  boundary  "sea"  -  "dry  land",  where  N»1.2  and  Wi(0)  and 
W,(d)  -  the  function  of  weakening  for  two-  and  three-piece  routes 
respectively. 

In  the  report  are  given  also  the  results  of  the  numerical 
calculations  of  modulus/module  and  phase  of  the  function  of  weakening 
for  the  routes  of  different  extent  over  a  wide  range  of  frequencies. 


REFERENCES 

1.  E.  JI.  »  t  H  6  •  p  r.  PacB^ocrpaMU*  pwBowMB  ux  awaoi  iio»»pi*oeTM>.  Hwi-M 

AH  CCCP,  19«1.  .  _  .unr/'o 

2.  B»  A.  o  V.  AaftpumBa  pmioMni  Mvpyr  mboA  noatpxsocrs.  HaA-so  An  KAA^Vf 

^945, 

3.  n.  K.  K  a  JI  ■  ■  ■  B,  E.  Jl.  «P  e  i  ■  «  a  p  r.  Paxwmxniu  ■  aaanpoau,  S,  1122 

(1958).^ 


DOC  «  82036006 


Research  of  the  fundamental  solution  of  the  problem  of  Cauchy  for  the 
system  of  equations  of  the  motion  of  elastic  anisotropic  medixsn. 

A.  M.  Kovalev. 

1.  Is  constructed  fundamental  solution  of  problem  of  Cauchy  for 
system  of  equations  of  motion  of  elastic  anisotropic  mediiun: 

LU-  =  0.  L  =  II  II  =  II  j|. 

npe  <  =  0:  U"*  =  0,  — gj—  =  &  (xj,  *,)  e,„,  ;  ^  '  ' 

Key:  (1).  with. 

^j_the  cofactor  of  element/cell  of  matrix/die  L.  Then 

(2) 

where  K(  t,  x)  is  solution  of  the  problem  of  Cauchy  for  the 

homogeneous  hyperbolic  equation 

P/C  =  0.P  =  (^.  ^)  =  delllL«|l.  1 
C»»  K  fO,  r  =  0,  1,  2,.o.  4  I 


Key:  (1).  with. 
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Solution  K(t,  x)  is  constructed,  using  expansion  6(x)  into  the 
plane  waves,  analogous  with  the  case  of  strictly  hyperbolic  operator 
P.  Operator  P,  generally  speaking,  is  not  strictly  hyperbolic,  since 
we  do  not  exclude  the  possibility  of  appearance  of  the  multiple 
roots  V  of  equation  P(v,  w)»0  at  some  values  of  the  parameters  u.  The 
proof  of  formally  constructed  solution  K(t,  x)  is  carried  out  by 
passage  to  the  limit  from  the  parameter  u  in  the  functionals. 


The  solution  of  task  (1)  takes  the  form 

(<.  *)  =  4;,.  ^  I  gr«a  (1.  y  I  ’ 


(4>. 


where  P(l,  {)*0  is  normal  surface;  N({)  -  number  of  points  of  normal 


surface,  which  lie  on  the  same  ray/beam,  that  also  the  point  of 
integration  (,  but  is  nearer  at  the  beginning  of  coordinates. 


2.  Is  investigated  analytical  character  of  function  [/„  in 
vicinity  of  non-critical  point  x'  of  characteristic  surface.  Let  us 
formulate  result. 


Let  observation  point  be  fixed/recorded,  x>>x'.  Let  (  -  plane 
t'+x'»f«0,  t'>0  concern  the  normal  surface  of  P(l,  t)«0  at  point 
moreover  it  is  assiimed: 


DOC  «  82036006 


PAGEUP 


1)  £'  -  the  non-critical  point  of  normal  surface,  grad  P(l, 
D/O; 

2)  the  Gaussian  curvature  of  the  normal  surface  K(£')j^0,  i.e., 
point  £'  either  elliptical  (K>0),  or  hyperbolic  (K<0). 


Then  the  nonanalytic  part  of  function  i;"  (t,  x')  in  the  interval  of 
time  t,  which  contains  t>=t',  is  equal  to 


(cm 


_ _ (-1)-^  (f>  imr.  (1^ 

(«  +  *'•  5') +  «(«{«  +  *'  •  S'))  S'),  eMH  K{1')>0, 


-h  (In  I  /  +  *'  •  S'  D^n  {t;  S').  ec?H  K  (S')  <  0. 


»+7T' 


Key:  (1).  if. 


where  c-+-l,  when  K(£')>0  and  normal  of  surface  in  the  vicinity  of 
point  £'  is  convex  in  direction  +-x';  (p(t;  £')  and  S')  —  the 
analytic  functions  t;  6(x)  -  Dirac's  function;  e  (-r)  —  Heaviside's 
function. 


Fomula  (5)  allows/assumes  following  physical  interpretation.  If 
the  front,  which  encounters  to  point  x' ,  has  a  form  of  convex  or 
concave  bowl,  then  it  carries  a  nonanalytic  contribution  of  the  type 
6(t“t');  but  if  the  front,  which  encounters  to  point  x',  has  a  form 
of  saddle,  then  it  carries  a  nonanalytic  contribution  of  the  type 
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3.  Is  examined  case  of  hexagonal  symmetry  of  elastic  mediiun.  As 
is  known,  in  this  case  normal  surface  and  characteristic  surface  are 
surface  of  revolution  relative  to  axis  x,,  which  considerably 
facilitates  research. 

Let  us  assume  the  oval  of  normal  surface  share  on  region  K(()>0 
and  R(()<0  circle/circvimference  C,  along  which  K«0.  It  is  shown  that 
to  circle/circumference  C,  which  is  the  locus  of  the  parabolic  points 
of  normal  surface,  corresponds  the  acute-angled  edge  of 
characteristic  surface. 

Is  investigated  the  analytical  character  of  field  in  the 
vicinity  of  the  acute-angled  edge  of  characteristic  surface.  It  is 
shown  that  in  the  vicinity  of  edge  the  nonanalytic  part  of  the  wave 
field  is  described  by  the  associated  functions  of  Legendre. 
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Diffraction  of  plane  wave  in  the  segment  for  the  angles  of  incidence 
and  observation,  close  to  sliding. 

V.  A.  Borovikov. 

1.  Let  us  consider  first  unsteady  task  of  diffracting  incident 
plane  wave 

cn 

_ 1 _  1  >  JE  sin  3  +  y  cos  P 

V  i  —  X  siii  ,3  —  t  <;  x  sin  P  T  y  COS  3 

Key:  (1).  with. 

on  cutting  off  AB:  A;  (x— 5;  y»0);  B:  {x*6;  y-0),  on  which  is  set  the 
boundary  condition  jJ-- o. 

When  the  front  of  the  incident  wave  reaches  apex/vertex  A,  from 
this  apex/vertex  begins  to  extend  cylindrical  wave  2^a;  it  is 
analogous,  when  front  reaches  B,  from  B  begins  to  be  propagated 
wave  vg.  Then,  when  front  va  reaches  apex/vertex  B,  appears  wave  ‘'ab 
and  so  forth.  Complete  solution  is  the  sum  of  all  such  waves  and 
takes  the  form 

V  “  Pans  -r  Porp  -r  Pa  +  Po  +  Pab  -r  ‘•'BA  +  paba  +  pbab  +  .  •  -1 
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moreover  in  the  right  side  of  this  expression  to  each  composed 
(besides  and  ^orp)  corresponds  the  broken  line  whose 
apexes/vertexes  coincide  with  the  apexes/vertexes  cutting  off  AB 
(optical  path). 

After  Fourier  transform  on  t  and  multiplication  of  the  obtained 
function  on  ^  we  obtain  the  solution  of  the  stationary  problem  of 
diffracting  on  AB  the  incident  plane  wave  which  takes  form 

u  =  Ur  +  Here  “r  —  solution  of  the  geometric~optical 
approximation/approach,  and 

Wan*  —  Ua  +  Ub  +  UaB  +  “BA  +  “ABA  +  •  ■  •  W 

Let  US  assume  x«psinB;  y>-pcos9,  then  there  is  a  limit 

lim  e-**'  Vp  ug^  =  V  (p,  d,  *), 

which  it  is  natural  to  name  asymptotic  behavior  in  the  distant  zone 
of  the  solution  of  the  problem  of  diffracting  the  plane  wave  on  AB. 

Function  u„^  is  the  odd  function  y;  therefore 

U(?,-y+9;  *)  =  -  i/(p,-f--0.  A);  £^(p.--^-l-0,*)- 

=  -  v{?,  — ?--e.  *). 

Since  according  to  the  reciprocity  theorem  U(/3r  0r  k)«U(0,  p>,  k),  we 


have 


I 
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Therefore  it  is  possible  to  be  bounded  to  the  examination  of  values 
I  ^\<x/2  and  t 6|<v/2,  having  in  this  case  in  mind,  that  through  the 
limiting  values  p-+-ir/2  and  8»+-ir/2  U(^,  6,  k)  should  be  continued 
for  odd  form,  becoming  zero  with  |^l««/2  or  ldl>v/2. 

Analogous  with  (1): 


U  (p, 6,  k)  =  Ua  4-  Ub  4-  Uab  4-  Uba  4-  U aba  4-  U bab  4-  .  •  (2) 


where 


UA  =  y  r./ 


sin  9  -7  sin  9 


but  each  of  remaining  terms  in  right  side  (2)  has  asymptotic 
expansion 


Here  n  -  number  of  apexes/vertexes  in  the  optical  path,  which 
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corresponds  to  the  wave  in  question;  =  3  for  the  wave  whose  optical 
path  begins  from  apex/vertex  A  and  ^  for  the  wave  whose  optical 

path  begins  with  B.  Further  for  the  wave  with  the  center  into  B 
(i.e.  for  the  wave  whose  optical  path  it  ends  with  apex/vertex  B)  and 
0*-®  for  the  wave  with  the  center  into  A. 


Coefficients  are  symmetrical  relative  to  p  and  q: 

4  =  ai?9. »  and  they  are  determined  according  to  the  recursion  formula 

with  n>Ji 


p.  ^  ^  i  i  ^  ^  **  ^ 


(4) 


where 

’■  ”  (43)—'*’  •  nr  (3  +  y)  r  -  H  - -r  I) 

2.  Formulas  (3),  (4)  make  it  possible  to  determine  asymptotic 
expansion  U(/3,  8,  k)  according  to  degrees  of  k"  up  to  any 
fixed/recorded  degree However,  expression  obtained  thus  does  not 
possess  odd  continxiation  through  the  values  and  0«+-v/2, 

i.e.,  it  is  unsuitable  at  the  angles  of  incidence  and  observation, 
close  to  those  sliding  along  AB. 
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Actually/really,  from  (3)  it  is  evident  that  the  coefficients  of 
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asymptotic  expansion  of  each  component/term/addend  in  (2)  approach 
infinity  with  ♦-►*/2  and  they  have  even  continuation  through  the 
value  9"~k/2  (let  us  recall  that  ^•*-6) .  Analogous  situation  occurs 
with  (  /8l-*»/2.  In  order  to  obtain  the  correct  approximation/ approach 
U(/5,  9,  k)  with  !P!-*-y  and  |8|-**/2,  it  proves  to  be  necessary  for 
the  vicinity  of  each  pair  of  limiting  values  j8“+-w/2  and  ®"+-ir/2  to 
group  waves  of  the  first  part  (2)  and  to  examine  together  the 
contribution  of  each  group.  For  example,  — «/2  and  9 — -x/2.  Then 

u  (P.  0,  A)  =  Ua  —  It'll  -r  Uba  +  Vau  +  Uaba)  + 

-h  ■+■  t’fiAfl.i  "T  U ABAB  "I"  abaua\  +  •  •  •  (5) 

it  is  necessary  to  examine  together  the  contribution  of  each  such 
tetrad  to  U(/3,  9 ,  k) . 

This  distribution  makes  simple  phyitical  sense.  We  join  those 
functions  which  with  fi — .x/2  and  9‘-~—k/2  have  the  close  phase  factors 
in  expansion  (3),  which  coincide  with  /5«»/2  and  8— »/2.  For  fjnction 
Ua  this  factor  with  /J»w/2  and  ®—«/2  is  equal  -  26,  for  the  first 
group  in  (S)  it  is  equal  to  26,  for  the  second  66  and  so  forth. 

Let  us  consider  arbitrary  group  Ubib  +  Ubiba  +  (^abib  +  Uabiba  (where 
i«l,  2,  ...  -  a  quantity  of  apexes/vertexes  A  in  the  optical  path, 
which  corresponds  to  wave  Ubib  ’■  Ubib  =^'3^^  =  Ubabab  and  so  forth). 
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Then 


U BIB  u bIBA  +  t'  ABIB  +  ^ ABISA  —  ^  (fi)  f  ( —  ®)  ^BIB  + 

+  F  (3)  UbIBA  +  f  ( —  0)^^ABIB  +  ^ ABIBAi  *  (®)  • 


where  functions  u'biba,  U^Btu,  I-'ahwa  have  asymptotic  expansion, 
determined  by  expansion  (3)  of  function  Ubib  (in  which  n*21+l, 
and  ♦  =  —  p).  or,  more  precise,  that  assign  this  expansion  by 
coefficients 


oo 

<  V  V  * 

.=0  ' 

*'  Xi»0S«0 

xS, 

*«.  «.  P 

=  TS  STii 

p=K) 

LC08 

X,  3.  r) 


Function  u\bib  obtained  from  U'biba  by  replacement  p  on  -9  and  9  on 


-p: 


^  (-  i)—A  (f  -  X.  3.  -  y) 


•^P 
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Function  D^ba  h«s  following  asymptotic  expansion; 
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Short-wave  asymptotic  expansions  of  diffraction  electromagnetic 
fields,  generated  by  the  arbitrarily  oriented  dipoles,  in  the  wedge 
region  with  ideally  conducting  faces. 

A.  A.  Tuzhilin. 

Electromagnetic  fields  E  and  H  in  the  wedge  region  with  the 
ideally  conducting  faces,  generated  by  electrical  or  magnetic  dipole 
with  moment/torque  P,  we  will  determine  respectively  through  Hertz's 
electrical  or  magnetic  vector  U  (r).  Then  the  task  of  determining 
Hertz's  vector  n'(r)  will  consist  in  finding  Green's  function  vector 
equation  of  Helmholtz 

( A  +  **)  n  (r)  =  — (r—  r«),  ( 1 )  i 

assigned  in  the  wedge  region  D,  which  satisfies  the  generalized 
conditions  of  advancability  [1]  [2],  and  on  the  faces  of  wedge 
region,  i.e.,  with  T^±’^>  that  satisfying  edge/boundary  conditions 

ri  (p,  z)|  »  0, 

^(ai0,  n(p,  ±<P,  z))/^n.^^0  (2a) 

if  n  (r)  -  the  electric  vector  of  Hertz  (r»(p,  e,  z)  in±<i»  —  normal  to 

faces  and 

d  [Bi«,  n  (p,  ±  z)|  /  dn^0  =  0.  ' 

(b,.®,  n  (p,  ±  (p,  zf)  =  0  (24} 
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if  II  (r)  -  Hertz's  magnetic  vector. 

Page  94. 

The  wedge  region  D  in  the  cylindrical  coordinate  system  (p,  9,  z)  is 
determined  by  the  following  inequalities:  o<,  (><  <  'h,  i2l  < 


For  so  Green's  specific  vector  functions  there  are 
representations  in  the  form  of  Sommerf ield's  integrals  with  the 
spherical  kernel:  _  . 

I  .•  (*«<») 

where  ^  ^  ^  _  2pp,cos  a,  r,  =  (p»,  q)„  29),  vector 

function  of  complex  variable  takes  the  form 

»  (a)  =  -5^  {e.-,.  ctg  ^  -  <P«)  («  -r  <P»  -  2a>)| .  (4) 


Into  formula  (4)  are  introduced  the  following  designations:  p^lP) . 
i.e.,  P«P(co8d,,  ej<t-sind,ej ) ,  the  single  unit  vector  ei  is  directed 

along  z  axis,  unit  vector  e,  is  orthogonal  ei,  moreover 

e,  =  costal  -r  .'‘in  i|»j,  e.  =  co8  6«ei  -|-  siu  9,  (coa  oe,  -t  sin  ae,'),  e,  =  fei,  e.J. , 


In  the  present  report  will  be  presented  the  following  two 
results. 

1.  On  the  basis  of  expression  (3),  it  will  be  shown  that  Hertz's 
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vector  n  (r)  can  be  represented  in  the  form 
n  (p,  9,  z)  =  n,  (p,  9,  z)  +  n*  (p.  <p.  zy. 

n, (p.  9,  z)  =  P ««"•  ^ 


M  (<r  +  <|%  —  (‘iAt  -i-  1))  *f**(*N»J)-**J  I  ' 


(5> 

(6> 


Ranges  of  change  n^  and  n^  in  formula  (6)  are  detennined  from 
conditions  l<p  —  «p»  —  4nia>'|  <  n  and  )9  +  9,  —  2d>  (2ni  +  1)  1  <  «.  the  part  of 
field  Hr  easily  is  determined  from  geometric  considerations  and  is 
the  sum  of  falling/incident  and  reflected  from  the  faces  of  waves; 
11,  (p,9,  2)—  diffraction  part  of  the  field 


n,  (p,  9,  z)  s  nj  <-  «  +  V  -  »•)  —  nj  (n  +  9  ~  i>o)  =F 
q:n2(—  «-f  9+9»  —  2<P)  ±  nj  («  +  9  +  9o  —  2<h)t  (7) 

where 

,  p  ?  *uiKM*ui  tia^  {e,  +  (ch  /-  cij)}— »1»  -f-  ^  -At  {•,.  «i| 

*  Vp)  =»  4^  J  ToTfli)  jw  S3 

*  2®  2® 


(8) 


and  nj  (P)  differs  from  (p)  by  the  replacement  of  vectors  on 
vector 


For  vector  functions  (P)  and  11|  <p>  are  derived/concluded 

asymptotic  expansions  in  the  series/rows  in  terms  of  asymptotic 

sequence  {fri*  (Aff,)  X  (A,/App,r}  (with  kpp./R,  )-♦•) ,  where  R,-R{ir)»'VTp+p, ) 

*+(*-z,) * • 

^  00 

nj*(p)~p  2; 

if  e,  and  e,  varying  in  interval  are  such,  that  value  i}^4na> 

(n  -  integer). 


<-  ±  v.),  tf ;»)  (9) 


j 


I 


i 
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Expression  ni,  differs  from  in  terms  of  the  replacement  of 
vectors  by.  ea-s<«-<6». 

2.  Will  be  proved  following. 

Theorem.  Electromagnetic  fields  E  and  H,  excited  by  electrical 
or  magnetic  dipole  in  the  wedge  region  with  the  ideally  conducting 
faces,  are  decomposed/ expanded  in  the  asymptotic  series/rows  on 
asymptotic  sequence  {/fJi’ (A:fl9)  (/?o/ApPa)"*}  (with  k-^») ,  these  asymptotic 
series/rows  can  be  obtained  by  the  term-by-term  use/application  of 
operations  grad  div+k*  or  ♦-ikrot  to  asymptotic  expansions  in  terms 
of  sequence  (*^o)  of  the  corresponding  vectors  of  Hertz  and 

by  the  s\ibsequent  regrouping  of  the  obtained  series/row. 
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Page  95. 

Diffraction  fields  in  the  narrow  wedge  region  with  ideally  soft 
faces . 


A.  A.  Tuzhilin. 

We  will  examine  the  task  of  diffracting  the  scalar  spherical 
wave  in  the  wedge  region  D  with  the  ideally  soft  faces.  This  task  is 
reduced  to  the  determination  of  Green's  function  scalar  equation  of 
Helmholtz  (A+k*)  n(r)  ■-4»P6(r-r, ) ,  assigned  into  D,  satisfying 
condition  of  advanceability  (or  the  condition  of  radiating/emitting 
Sommerfield)  and  by  that  turning  into  zero  on  the  faces  of  wedge 
region,  i.e.,  when  cp  =  -  a*  (and  with  0<p<“',  |z|<«»).  Green's  described 
function  can  be  represented  in  the  form  of  Sommerfield 's  integral 
with  the  spherical  kernel 

'  Y 

where 

^ 

In  the  present  report  will  be  presented  the  following  results. 


1.  On  the  basis  of  expression  (1),  Green's  function  n  (r)  will 
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This  theorem  allows  with  the  studies  of  field  in  the  narrow 
wedge  region,  i.e.,  when  (D  — 0.  to  be  bounded  in  series/row  (3)  to 
several  first  terms.  Thiis,  when  0  <  fcpo<  the  first  term  of 
series/row  (3)  is  the  asymptotic  representation  of  field  when  (P  ->0 
on  the  entire  plane  (kz,  kp). 

3.  For  functions  will  be  derived  following  asymptotic 
representations  with  p^<»  and  fixed/ recorded  5  and  a. 

Page  97. 


4.  Case  kp,<p.  In  the  region  on  the  plane  (kz,  kp)  out  of  the 
ellipse 

(*:>)*  ,  _ 

^  "r  /I*  — 

of  the  certain  not  containing  vicinity  of  ellipse,  it  is  correct 


(*0)*  ,  (*=)«  _  ^  .  (9)  ; 


-p(T-!y-flO«B«kT) 


Where (t>0);  co, p  =  . 

(0<p<«/2). 

In  certain  vicinity  of.  ellipse  (9)  it  is  correct 

s~  .  r/V(i-^v<  +  >-r^)  1 

*  V'Sk  *  +  y  ‘  •*  ^flKl  +  yi-a*  ■’ 


ip  slo  B  chT*?) 

•  (10) 


(11) 


where  ch  a,  (a#  >0),  «»(*)»  tt(»)  +  ii>(z)—-  Airy's  function. 
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Within  ellipse  (9)  the  asymptotic  behavior  of  function has 
aperiodic  character,  we  do  not  write  it  out. 


Case  kp.>p.  At  the  region, 

(*p)*  _  (*«)*  , 

p*  j>* 


the  lying/horizontal  below  hyperbola 
(12) 


and  certain  not  containing  vicinity  of  hyperbola,  is  correct 


relationship/ratio  (10). 


In  certain  vicinity  of  hyperbola  (12)  it  is  correct 


L  t/T  — “*'1 


(13) 


where  cos — — ,  (O < «•  < n/2),  v  (*)  —  alleged  part  of  the  Airy's 
function. 


At  the  region,  lying/horizontal  above  hyperbola  (9)  and  certain 
not  containing  vicinity  of  hyperbola,  it  is  correct 


/- 


'vsy/./i-a.+2f 


+ 


+ 


y  a4*  sin  3* 


<P  (2^  sin  &*-3*) 

M  • 


)• 


(14) 


'cosp«=^(t-]/ l-a*-(-^).  (0<3'<.-i);  cos3*--^x 

X  (l  +  .  (0  <  3»  n/a). 

Expressions  (10),  (11),  (13)  and  (14)  make  it  possible  to  in 
detail  investigate  the  structure  (in  particular,  to  determine  paths 
of  constant  phase  and  rays/beams  along  which  they  extend  are  wave) 
the  waves  in  question. 
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Page  98. 

Research  of  Green's  function  in  problems  of  diffraction  on 
transparent  sphere  and  circular  cylinder. 

V.  S.  Buldyrev. 

The  mathematical  formulation  of  the  problem  of  diffraction  on 
the  transparent  uniform  body,  limited  by  the  smooth  locked  surface  0 
consists  of  the  following.  It  is  necessary  to  find  function  U(P)  (P 
the  point  of  space),  which  satisfies: 

1)  the  equation 

in  which  k(P)  the  piecewise  constant  function 

(  ki,  P  ^ub  Q 
t,.  P 

Key:  (1).  outside.  (2).  inside. 

5(P-Q)  -  delta-function  and  point  Q  is  arranged/located  outside  Q; 
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0; 


2)  by  some  conditions  for  coupling  for  u  and  p-  on  the  surface 


3)  to  radiation  condition  at  infinity. 

Function  u(P)  is  Green's  function  problem  1-3.  In  the  present 
report  is  investigated  Green's  function  u(P)  in  the  problems  of 
diffraction  on  the  transparent  ones  circular  cylinder  and  the  sphere, 
for  which  relative  refractive  index  n*ka/k}  is  lower  than  unity.  In 
the  case  of  cylinder  the  problem  is  considered  as  the  flat/plane 
(P(r,  e)  and  Q(r,,  0)  -  the  point  of  plane,  0  -  circle/circumference 
r-a).  In  the  case  of  sphere  the  problem  is  axially  symmetric  (P(r,  6, 
9),  Q(r,,  0,  0)  -  point  of  three-dimensional  space,  Q  -  sphere  r-a). 

With  n<l  is  observed  the  phenomenon  of  total  reflection.  The 
rays/beams,  which  fall  to  the  surface  of  cylinder  or  sphere  at  the 
angles,  close  to  the  angle  of  total  reflection  ij;, (sin n),  in  the 
internal  medium  extend  along  the  chords  with  those  disappearing  by  a 
small  length.  Secondary  refraction  of  these  rays/beams  generates  in 
the  environment  of  the  waves,  constant-phase  surface  of  which  they 
approach  with  an  increase  of  the  nxanber  of  reflections  in  the 
internal  medium  certain  boundary  surface.  In  the  vicinity  of  this 
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boundary  surface  occurs  the  interference  of  the  waves,  which  tested 
different  number  of  reflections  within  the  cylinder,  as  a  result  of 
which  is  formed/shaped  interference  type  leading  wave.  With  the 
decrease  of  angle  of  incidence  the  chord  length  over  which  the 
rays/beams  extend  in  the  internal  medium,  grows.  This  leads  to  the 
fact  that  the  waves,  which  tested  different  number  of  reflections 
within  the  cylinder,  leave  from  the  process  of  interference  in  the 
vicinity  of  leading  wave  and  acquire  their  individuality. 

The  basic  goal  of  the  present  investigation  consists  of  the 
isolation/liberation  from  Green's  function,  in  the  first  place,  the 
expressions,  which  are  the  waves,  which  tested  a  small  number  of 
reflections  within  the  cylinder,  and,  in  the  second  place,  the 
expressions  which  describe  the  total  effect  of  those  waves,  for  which 
a  number  of  reflections  is  great.  These  latter/last  expressions  will 
be  the  field  of  interference  type  leading  wave. 

For  the  implementation  of  the  planned  program  Green's  function, 
which  has  the  form  of  infinite  series  on  cos  ncp  in  the  case  of 
cylinder  and  on  Pn(coee)  in  the  case  of  sphere,  is  converted  according 
to  Watson's  method  into  the  contour  integral  on  the  plane  by  complex 
variable  n.  After  the  strain  of  the  duct/contour  of  integration  and 
expansion  of  integrand  in  the  infinite  series  of  the  type  of 
geometric  progression  for  Green's  function  is  obtained  the 
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representation  of  the  form 

b  =  54-5t  +  1i|S  («h«+ *rj  +  Ku + ‘^rml* 

loo  mo«  ‘ 


Page  99. 

Each  component  in  the  right  side  of  this  formula  -  contour 
integral,  which  makes  specific  physical  sense. 

Integral  S  (straight  line  and  reflected  of  wave)  and  integrals 

(waves,  which  bridged  around  the  origin  of  coordinates  1  of 
times  against  (-)  and  on  (-f)  the  hour  hand  and  those  tested  in  this 
case  21+m-»-l  and  21+m  reflections)  can  be  calculated  with|kaa\»l 
according  to  the  steepest  descent  method. 

Integral  Sr  (diffraction  waves  or  the  wave  of  slide)  is 
ccmiputed  with  the  help  of  the  remainder  theorems. 

Integrals  S*u  and  Slu  describe  interference  type  leading  wave, 
completed  1  of  revolutions  around  the  origin  of  coordinates.  Mach 
number,  which  indicates  a  number  of  waves  which  left  the  process  of 
interference  included  within  the  limits  0.37~l‘*^0.3'r,  where 
7»(8-9« ) (k,a/2)  V*  and  8-0,  -  angular  distance  between  observation 
point  and  ray/beam,  reflected  at  angle  tt- 
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Integrals  are  reduced  to  the  integrals  of  the  type 

oo 


S  K-]* 


i««(0  i«i(0 


dt. 


(1) 


in  which  Wi(t)  (j«l,  2,  3)  -  Airy's  function.  These  integrals  are  some 
special  functions  of  the  parameter  7  and  are  subject  to  tabulation. 
For  their  calculation  were  comprised  the  programs  for  the  high  speed 
machine. 


It  should  be  noted  that  functions  of  type  (1)  have  the  universal 


character:  through  them  will  be  expressed  the  field  of  interference 
type  leading  wave  in  all  those  problems  where  this  wave  appears. 
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The  problem  of  diffraction  on  flattened  transparent  bodies. 

B.  Z.  Katsenelenbaiun,  V.  V.  Malin. 

1.  Interest  in  this  problem  is  determined  first  of  all  by 
appearance  of  quasi-optical  lens  lines  for  transmission  of  millimeter 
waves.  The  basic  elements  of  line  are  thin  dielectric  lenses,  in  the 
existing  theory  each  lens  is  treated  as  phase  corrector.  If  any 
component  of  field  on  the  plane  before  lens  (z-O)  is  u(0,  x,  y)  (z  - 
axis  of  lens),  then  at  output  (z«d)u(d,  x,  y)«u(0,  x,  y) 

«p  J— /t (X,  y)}.  Here  if(x,y)  -  optical  length  of  straight/direct 
parallel  axis  and  combining  point  (0,  x,  y)  and  (d,  x,  y).  This 
geometric  solution  does  not  consider  diffraction  that  for  the 
millimeter  waves  it  is  possible  to  lead  to  appreciable  errors,  it, 
actually,  does  not  consider  also  refractions  of  rays/beams.  Are 
indicated  below  some  receptions/procedures,  which,  probably,  it  will 
be  possible  to  form  the  basis  of  of  a  stricter  theory. 

Let  us  take  dielectric  constant  f  as  the  continuoiis  function 
of  coordinates;  fields  in  this  case  also  must  be  continuous. 
Transition  to  disruptive  ones  e  must  be  produced  during  the 
concrete/specific/actual  calculations.  We  will  be  bounded  to 


■'mm 


I 
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two-dimensional  scalar  problem,  i.e.,  we  will  seek  function  u(x,  z) 
from  the  equation 

-1-r  +  -5?-  +  -  •> 

e--e(T,  =).  (1) 

Apparatus  easily  can  be  generalized  to  the  equations  of  Maxwell. 

Page  100. 

Function  e  varies  with  coordinate  x  slower  than  with  z,  so 
that  the  order  of  relation  ot<tx-.dtioz  is  a  low  value  o(o«l)  -  this 
equivalent  to  the  condition  that  the  face  of  body,  on  which  occurs 
the  diffraction  (lenses,  prisms),  it  is  almost  perpendicular  to  z 
axis,  normal  to  them  forms  with  z  axis  the  angle  of  order  a. 
Derivative  ~  also  is  approx imately/exemplarily  a  times  less  than 
The  ge«ietric-optical  solution  is  obtained  from  (1),  if  we 
reject/throv  0-  Then  is  obtained  the  ordinary  differential  equation 

-^4-*»eu  =  0,  (2)' 

in  which  x  it  is  the  parameter;  it  actually/really  has,  as  is  known, 
the  approximate  (if  we  possible  disregard/neglect  reflection) 
solution 


9 

II  {x,  z)  =  a  (x,  0)  exp  —  1*  ^  V  •  dij.  (3) 

f 

2.  Taking  into  account  relative  smallness  of  derivatives  on  x, 
it  is  possible  to  preserve  simple  form  of  equation  (2)  and  to  seek 
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u(x,  z)  as  limit  (if  it  exists),  which  are  approached  with 
functions  Un(x,  z),  determined  from  iterative  process 

M 

In  each  stage  will  have  to  solve  one  and  the  same  ordinary 
differential  equation  or,  which  is  the  same,  to  compute  the  same-type 


integrals 


Un  {x,z)  =  —\g  (*,  2,  2') 


I')  .  , 


where  g  -  Green's  function  equation  (2)  with  the  appropriate  boundary 
conditions.  Process  (4a)  coincides  with  the  iterative  process  of 
solving  the  equation 

u(x,  z)  =  ~^g  (X,  z,  z')-^dz’,  (6) 

being  obtained  from  (1). 

Another  process,  which  also  brings,  if  it  descends,  to  the 
solution  of  equation  (1),  is  described  by  the  equations 

In  each  stage  it  is  necessary  to  solve  although  different, 
homogeneous  equations.  The  general  view  of  the  iterative  process, 
which  reduces  the  solution  of  equation  in  the  partial  derivatives  to 
the  solution  of  the  sequence  of  ordinary  differential  equations,  is 
given  by  the  formula 

‘Si*’  '*’'*)  “■*  * - 3»*~  ~5r"  (^)] 

where  function  fn,Fn,Vn  and  4>„  are  selected  with  arbitrary  form 

Oft  —  <p.  As  u,(x,  z)  it  is  possible  to  take  the  function 


I 


iti 
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of  type  (3)  or  the  more  complicated  geometric-optical  solution 
(containing  eikonal),  which  considers  refraction  of  rays/beams. 

Page  101. 

3.  Relative  slowness  of  change  u(x,  z)c  x  makes  it  possible  to 
use  also  so-called  parabolic  equati>'')  technique..  In  application  to 
(1)  should  be  instead  of  u(x,  z)  introduced  the  new  unknown  function 
A(x,  z),  after  defining  it  as  factor  in  the  formula 

« (r,  z)  =  A  {x,  z)  V  (X,  z),  (7) 

where  v(x,  z)  -  the  solution  of  equation  (2),  and  in  the  obtained 
equation  for  A(x,  z)  to  reject/throw  term  d^Aldz*.  Although  the 
Cartesian  coordinates  are  not  ray  coordinates  and  dvldx-^kav,  i.e. 
increases  with  k,  the  parabolic  equation 


[  t  3HAv)  _g 


9t 


dx* 


(8) 


remains  valid  and  with  k-^«,  since  rejected/thrown 
component/ term/ addend  is  a*  times  less  than  preserved.  Furthermore, 
if  d  (thickness  of  lens)  is  not  very  great  (d«L,  Lol/ka*  -  scale  of 
change  A  with  z),  then  in  second  term  in  (8)  it  is  possible  to 
replace  A(x,  z)  by  A(x,  0),  and  to  explicitly  find  correction  to  the 
geometric-optical  solution 


f 

A  (x,  s)'—  A  (*,  0)  —  — g- ^  fy* j',  (*.  0)  dx. 


(9) 
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Asymptotic  representation  of  the  solution  of  the  problem  about  the 
diffraction  of  plane  electromagnetic  wave  on  the  ideally  conducting 
sphere,  valid  at  arbitrary  height  of  observation  point. 

0.  I.  Fal'kovskiy,  A.  Z.  Fradin. 

On  the  basis  of  the  series/rovs  according  to  the  spherical  wave 
functions  of  a  strict  solution  of  problem,  which  are  determining  all 
six  components  of  complete  field  in  the  spherical  coordinates,  is 
obtained  the  asymptotic  representation  of  solution,  valid  at 
arbitrary  spot  height  of  observation  and  value  ka»l  (k»2)r/X  -  wave 
number,  a  -  radius  of  sphere).  The  derived  formulas  are  suitable  for 
the  numerical  calculations  and  make  it  possible  to  give  the 
demonstrative  interpretation  of  field. 

For  obtaining  the  asymptotic  representation  the  series/rows  of 
strict  solution  at  first  are  converted  according  to  Watson  into  the 
contour  integrals  in  the  plane  of  complex  variable.  In  the  case  of 
the  location  of  observation  point  in  the  shadow  zone  and  penumbra 
these  integrals  are  computed  through  the  series/rows  of  the 
deductions  of  integrands.  Because  of  the  fact  that  kr>ka»l  (r  - 
distance  from  the  center  of  sphere  to  observation  point),  in  these 
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series/rows  instead  of  the  functions  of  Riccati-Bessei  and  their 
derivatives  of  the  argument  are  used  the  asymptotic  representations 
of  G.  D.  Malyuzhints  [1],  the  valid  at  arbitrary  spot  height  of 
observation.  As  a  result  this  complete  field  it  is  expressed  as  the 
series/ rows  into  members  of  which  enter  the  Airy’s  functions  of  the 
complex  argument  and  their  derivatives.  These  series/rows  descend 
sufficiently  rapidly,  and  in  the  region  of  a  deep  shadow  in  them  it 
is  to  possible  retain  only  first  term. 

The  obtained  formulas  make  it  possible  in  the  first 
approximation,  to  consider  complete  field  in  the  shadow  as  the  result 
of  the  superpcsition  only  of  two  fields.  One  of  them  is  formed  by  the 
"straight/direct"  diffracted  ray/beam,  which  arrived  into  observation 
point  by  the  shortest  path  from  the  boundary  of  geometric  shadow,  and 
another  -  by  the  "polar"  diffracted  ray/beam,  which  arrived  into 
observation  point  by  the  shortest  path  of  the  diametrically  opposite 
point  of  the  boundary  cf  shadow  and  crossed  the  "polar  axis  of 
shadow" . 

Page  102. 

In  proportion  to  approximation/approach  to  an  "axis  of  shadow"  the 
contribution  to  the  overall  field  of  "straight/direct"  ray/beam  is 
reduced,  and  the  contribution  of  "polar"  ray/beam  increases.  On  the 
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"axis  of  shadow"  both  these  of  contribution  become  equal  to  each 
other. 


In  the  case  of  the  location  of  observation  point  in  the 
illuminated  region  initial  contour  integrals  are  divided/marked  off 
into  the  series/row  of  new  integrals  (as  a  result  of  \ising  the 
asymptotic  expressions  for  the  derivatives  of  Legendre's  functions). 
Computing  the  part  of  the  newly  obtained  integrals  by  the  method  of 
steady  state,  we  come  to  field  expressions  which  coincide  with  the 
expressions  of  geometric  optic/optics  -  by  the  so-called  reflecting 
formulas.  Remaining  integrals  are  computed  through  the  series/rows  of 
deductions  in  the  same  way  as  this  was  done  for  the  contour  integrals 
in  the  shadow  zone,  and  give  diffraction  corrections  to  the 
reflecting  formulas. 

The  formulas  obtained  for  the  illiuninated  region  make  t 
possible  in  the  first  approximation,  to  consider  complete  field  as 
the  result  of  the  superposition  of  two  fields  one  of  which  is 
determined  by  the  reflecting  formulas,  which  consider  the  expansion 
of  the  pencil  of  rays  after  reflection  from  the  surface  of  sphere, 
and  another  is  formed  by  "polar"  diffracted  ray/beam. 

The  field,  which  corresponds  in  the  shadow  zone  to  "polar" 
diffracted  ray/beam,  is  identical  to  corrections  to  the  reflecting 
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formulas  in  the  illuminated  region.  Hence  it  follows  that  the  special 
features/peculiarities  of  the  structure  of  field  in  the  region  of 
penumbra  must  be  determined  by  the  formulas,  which  correspond  to 
"straight/direct"  ray/beam,  and  that  these  formulas  in  the 
illminated  region  must  pass  into  the  expressions  of  geometric 
optic/optics.  Research  in  the  region  of  the  penumbra  of  the  formulas, 
which  correspond  to  "straight/direct"  ray/beam,  showed  that  they 
actually/really  give  continuo\is  transition  from  the  expressions, 
valid  in  the  region  of  a  deep  shadow,  to  the  reflecting  formulas  in 
the  illuminated  region. 

In  this  case  in  the  region,  which  directly  adjoins  the  boundary 
of  geometric  shadow,  the  caused  by  "straight/direct"  ray/beam  field 
at  the  sufficiently  large  distances  on  the  sphere  with  an  accuracy  to 
almost  constant  component /term/addend  (giving  diffraction  background) 
will  be  changed  just  as  with  the  diffraction  of  plane  electromagnetic 
wave  on  the  half-plane.  This  result  coincides  with  result,  previously 
obtained  V.  A.  Fok.  However,  earlier  it  was  obtained  for  the  case 
when  distance  from  observation  point  to  the  surface  of  sphere  is 
small  in  comparison  with  its  radius.  Here  we  are  free  from  this 
limitation.  It  is  important  only  so  that  would  be  small  the  angle  of 
diffraction,  which  corresponds  to  observation  point. 


In  special  cases  of  the  location  of  observation  point  on  the 


i 
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surface  of  sphere  and  in  the  wave  zone  asymptotic  representations 
pass  into  the  expressions,  obtained  earlier  for  these  limiting  cases 
by  other  authors. 

The  limits  of  the  applicability  of  asymptotic  representations 
were  evaluated  via  the  comparison  of  the  numerical  results,  obtained 
with  the  help  of  these  representations  and  with  the  help  of  the 
numerical  addition  of  the  series/rows  of  a  strict  solution. 
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Page  103. 

Wave  diffraction  in  a  heterogeneous  half-space  with  the  refractive 
index,  which  depends  on  two  coordinates. 

I.  A.  Molotkov. 

For  half-space  z>0,  -*<x,  y«»  (x,  y,  z  -  Cartesian  coordinates) 
is  examined  two-dimensional  problem 

-r  r„  +  o)*n*  (x,z)v=0,  \ 

pt,„  =  a(jr)  (I)  anH  r;,««  =  d(x)  (II),  J 

Key;  (1).  or. 

radiation  condition  with  x’+z*-*«»,  about  finding  of  function  v(x,  z, 
u) .  Refractive  index  n(x,  z)  is  counted  to  the' satisfying  following 
conditions: 

1)  n(x,  z)  positively  is  analytical  with  0<z<»,J;^e>; 

2)  grow  with  the  depth  in  the  vicinity  of  boundary  n,(x,  2)  >  0 
when  0<2<>; 

3)  for  all  rays/beams  z«f(x)  the  extremal  of  line  integral 
I  n  (x,  z)d»  is  correct  inequality  —  n,/'  (x)  >  0,  indicating  the 
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constant  sign  of  the  curvature  of  rays/beams  and  the  absence  of 
turning  points;  rays/beams  are  assumed  to  be  those  not  intersecting 
(absence  of  caustic  curves); 

4)  with  and  z>0  n(x,  z)  approach  constant. 

It  is  necessary  to  find  asymptotic  behavior  v(x,  z,  cj)  in  shadow 
zone  with 

Asymptotic  behavior  v(x,  z,  <>>}  is  located  by  the  method  of 
parabolic  equation.  First  function  v(x,  z,  w)  is  sought  in  the  thin 
layer,  which  adjoins  boundary  of  z>0.  In  this  layer  is  examined  the 
function  of  the  weakening 

X 

F  (*,  2,  «)  =  r  (x,  r,  ®)  exp^ — iw  ^  n  (a,  0)  d»j. 

0 

In  the  differential  equation  for  V  are  introduced  new  -  across 
and  along  the  rays/beams  *■  the  scales,  which  contain  the  different 
degrees  of  frequency  u,  and  such,  that  with  respect  to  the  new 
variable/alternating  the  function  of  weakening  and  its  derivatives 
prove  to  be  the  values  of  one  order.  As  a  result  of  neglect  in  the 
equation  by  small  terms,  which  are  of  the  order  0(<s*h)  in  comparison 
with  the  main  things,  appears  the  problem  about  the  integration  of 
parabolic  equation  for  the  function  of  weakening. 
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In  the  problem  in  question  parabolic  equation  proves  to  be  very 
complicated.  However,  \ising  the  possibility  to  supplement  to  it  the 
terms  of  order  ,  in  it  after  some  siibsti  tut  ions  it  is  possible  to 
divide  variable/alternating.  After  satisfying  other  conditions, 
including  condition  in  the  source,  we  obtain  asymptotic  behavior  v(x, 
z,  cj)  in  the  boundary  layer  with  the  thickness  of  the  order  cJ’/* . 

Following  stage  -  obtaining  asymptotic  behavior  v(x,  z,  u)  in 
the  depth  of  half-space  in  shadow  zone.  This  transition  can  be 
completed  with  the  help  of  Green's  formula  or  by  the  ray  continuation 
of  field  into  the  depth  of  half -space,  after  taking  as  the  initial 
data  of  value  in  the  boundary  layer. 


Page  104. 


Let  us  give  final  result  for  case  I: 


5!!i, 

V  {x,  t,  w)  =  coiV  ”  exp  (itaT  +-  w'  •  )  1 1  +  D  (o)-'  •)), 

n,  (0,  (»)  n;'  •  (A.  0)  «  '•  o> 

'  2’'n''  (—  i  'Xi»  /f'  *  (A.  <>;  r.  z)  ' 

A  J 

A  =  Wi  \-! - 

>}) 


m 


(3) 


where  b  -  arc  length  of  slide,  T  -  the  minimum  propagation  time  from 
source  to  the  observer,  v(t)  -  the  integral  of  Airy,  R  -  geometric 
disagreement  of  ray  tube.  Calculation  R  is  reduced  to  the  integration 
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of  the  Cauchy  problem  for  the  ordinary  differential  equation  of  the 
second  order. 

The  knowledge  of  the  high-frequency  asymptotic  behavior  of  the 
solution  of  stationary  problem  makes  it  possible  to  find  the 
nonanalytic  part  of  field  u(x,  z,  t)  in  the  vicinity  of  fronts  or 
fronts  of  the  slide  of  the  corresponding  unsteady  problem.  Here  t  - 
time,  calculated  off  the  moment/torque  of  including  the  source. 
Functions  u(z,  z,  t)  and  v(x,  z,  u)  are  connected  with  Fourier 
transform.  For  studying  the  behavior  u(x,  z,  t)  in  the  vicinity  of 
the  front  of  slide  7Bn'“^{0,  0)(t-T)*0  above  the  Fourier  integral  of 
v(x,  z,  u)  are  produced  the  conversions,  analogous  to  those  described 
ii  [3].  As  a  result  is  established  asymptotic  with  7-^0  the  formula 
b(i,  z,  t)  =  .4(7)exp  (  — -^le(T)ll  +0(Kt)1.';  (4) 

in  which  A(7)  -  the  exponential  function,  which  depends  on  the  law  of 
the  inclusion/connection  of  source,  e(r)  -  the  Heaviside  unit 
function. 

The  formulas,  analogous  to  (2)  and  (4),  are  obtained  also  in  the 
case  of  the  location  of  source  within  the  half-space. 

Finally,  if  we  from  function  n(x,  z)  in  the  depth  of  half-space 
instead  of  the  analyticity  require  only  piecewise  continuity,  then  in 
the  half-space  will  arise  the  further  waves,  connected  with  the 
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reflections  from  the  discontinuity  surfaces  n(x,  z)  and  its 
derivatives.  This  leads  to  further  components/terms/addends  (with 
other  phases)  in  (2),  but  it  is  not  reflected  in  (4),  since  the 
fronts  of  slide  remain  the  surfaces  of  the  first  entrance. 
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Estimations  of  field  in  a  shadow  zone  with  the  diffraction  of 
cylindrical  wave  on  the  limited  convex  cylinder. 


V.  M.  Babich,  I.  V.  Olympius. 

Is  examined  the  following  task.,  is  given  the  equation 
(A  +  fc*)UQ.(^)=«((?-^o)  (1) 

in  exterior  s«  locked  convex  to  the  curve  s.  We  will  assume  that  at 
all  points  curved  s  the  curvature  is  different  from  0  and  «.  Then 
does  not  belong  to  s. 


Are  assigned  the  boundary  condition 


and  the  condition  for  the  radiation/eraission 


(3) 


Is  sought  asymptotic  behavior  uq,[Q)  with  k 
zone  for  source  Q, . 

In  the  work  it  is  established/installed. 


•  in  the  shadow 


Page  105 


f 
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Theorem  1.  With  for  solving  task  (l)-(3)  in  the  shadow  zone 

occurs  the  estimation 

1  Bo.  {^)  1  <  <«"  «».  (4) 

where  f(Q»,  Q)>const  (D)>0  for  any  locked  limited  region  D,  wholly 
lying/horizontal  within  the  shadow  zone;  f(Q, ,  Q)  does  not  depend  on 
k;  with  the  approach  to  the  boundary  of  light/world  and  shadow  f(Q,, 
Q)-»0. 


Through  Ci.,  are  designated  the  constants,  which  depend  only  on 
sizes/dimensions  of  s  whose  numerical  values  do  not  interest  us. 

In  the  proof  of  theorem  we  first  obtain  estimation  mq.W)»  if  Q 
belongs  to  arc  s,  which  is  located  in  the  shadow,  or,  which  is 
equivalent,  if  source  is  located  on  the  boundary,  and  observation 
point  in  the  shadow.  This  means  that  is  solved  the  problem 


(5) 

(6> 

(7> 

Occurs  theorem  2. 

In  the  shadow  zone  for  source  P,  when  p(Q;  S)^>0  is  valid  the 
estimation 

(8) 

f 

I 


i 


I 


I 


i 
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where  1(P,,  Q)  the  length  of  smaller  arc  curved  s  from  point  P,  to 
the  point  of  contact  of  the  tangency  of  ray/beam,  carried  out  from  Q 
to  s. 


Estimation  (8)  is  obtained,  if  we  reduce  the  problem  (5)-(7)  to 
the  integral  equation  of  Fredholm  of  the  second  order.  For  the 
construction  of  the  kernel  of  this  equation  serves  as  special  form 
the  corrected  solution  of  task  (5)-(7)  for  the  circle. 
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The  task  of  diffraction  on  the  elliptical  cylinder  and  some 
estimations  of  Green’s  function  of  Helmholtz's  operator  in  the  case 
of  diffraction  on  the  arbitrary  convex  cylinder. 

V.  D.  Andronov. 

1.  In  works,  dedicated  to  tasks  of  diffraction  on  elliptical 
cylinder,  they  are  studied  diffraction  and  scattering  plane  wave  or 
is  examined  case  when  source  and  observation  point  are  located  in 
immediate  proximity  of  elliptical  cylinder. 

In  the  present  work  is  examined  the  case  of  the  arbitrary 
location  of  point  source  and  is  indicated  the  method  of  the 
determination  of  the  asymptotic  expression  of  Green's  function,  when 
observation  point  is  located  on  the  cylinder.  Is  examined  also  the 
task  of  the  approximation  of  Green's  function  for  the  arbitrary 
convex  cylinder  by  Green's  function  for  the  elliptical  cylinder, 
which  has  the  contact  of  the  third  order  with  the  data  by  cylinder. 

Page  106. 


2.  In  elliptical  system  of  coordinates  (§,  n) 

jr  —  c  ch  S  cos  1], 
y  —  c  sli  §  sin  r] 
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out  of  ellipse  E:  (c  -  distance  between  foci)  is  examined  task 

(A  -r  A*)  <1>  M)  =  -  b  (M  -  M^)-,  (1) 

^0,  y  -rl^-ikd)  --0,  (2) 

Jn  Ig  \  or 

where  A  -  operator  of  Laplace,  k  -  wave  niimber,  6  -  Dirac's  function 
M  =  M  The  divided  equations  take  the  form 

[1^-  + -hX)]^(S) -0;  (3) 

[^  +  (A*sin-T, -^)]y  (’l)  =  0.  (4) 

(h*»c*k*);  the  first  of  conditions  (2)  takes  the  form 
■^L.=0.  (5) 

Qidf  and  gi(nin':  — A)  Green's  function  of  operators  (3),  (4) 

respectively.  Then,  as  shown  in  [2] 


Si  (S5 ;  A) 


IH'i  (i.,  A)^,(|,  A)  -  H,  (6,,  A)  HAl.  A)l^j  (S'.  A), 

(6) 


V>1; 

v>T,.  (7) 


g»(W;-A)-4-[^"  — 


{«) 


Here  Hi(|,  X),  H,(|,  X)  >  two  solutions  of  equations  (3)whose 
Wronskian  determinant  is  equal  to  2i,  moreover  (e.  A)  ^  (S«,  +  <»); 

Y,  solutions  (4),  determined  by  conditions  Yi(0)*l,  Y'x(O)  -0, 
Y,(0)*0,  Y'»(0)*1.  For  determining  of  gi({,  X)  with  |>£*  and 
gi(^.  n';  —  A)  when  nX  is  necessary  in  (6)  and  (7)  to  interchange 
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the  position  n-'h'-  Occurs  the  condition 

gt  (t)  +  2it,  ~  =  gt  (fit  n';  —  ^)- 

Using  the  formula  (for  example,  see  [2]) 

n':  I.  n)  (8) 

■( 

where  the  duct/contour  7  contains  zero  X),  we  will  obtain  on 

the  cylinder 

^  (S',  n':  5..  n)  =  -  <’»•  ~  <®> 

3.  In  equations  (3),  (4)  it  is  assumed/set  X»-h*sh*{i;  it  is 
located  asymptotic  behavior  of  their  solutions  (for  (3)  different  in 
regions  of  light/world  and  shadow)  and  roots  X,  of  equation  H’x(S,, 
X)  -0. 


In  the  case  of  the  location  of  point  (So.  ^o)> 
for  H,({,  X)  is  used  asymptotic  behavior  (h->+») 


H.(S.X)  = 


4 


in  the  light/world 


(10) 


Page  107. 


For  function  jTi  (n'.  ti,;— X)  is  obtained  the  asymptotic  equality 

i  exp  J  K  (11) 


gt  (n'.  ho;  —  X)  - 


(11) 


2h  (iC(ii')^c(Tjo>r* 

where  A  (n)  =  (sin*  h  +  sh*  SiV'’-  Prom  (9),  (10),  (11)  follows 


I 
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t  exp  |iA  r?  sh*  5  —  T*)"*  ^  (sin* »!  —  t*)'^’dn j J 

<I>(V,  r\'-.  U,  Tie)  =  _ . 

i  /  itn*  ij'  +  r*  y  sia*  ift  +  t'-v  eh*  5'  —  T*-»^»h*5a — t* 

(12) 

(r»sh  {i,  ij' >  Ti,).  Integral  (12)  is  computed  from  the  method  of 
steady  state.  Equation  cj'(r)«0  for  determining  saddle  points  where 

5  V 

•»  (t)  =  5  (sh*  g  -  T*)V.  +  5  (sin*  tj  +  T*)V.  (/,!,  (13) 

s$  ^ 

after  bringing  of  integrals  to  the  elliptical  ones  of  the  first  kind 
and  use  of  a  theorem  of  addition  for  them  accepts  the  form 

oh  gosh  V-  V'shU'  — t*  —  ch  g' sh  g«  V sh*g#  — t» 

T‘+l  — ch»g'ct*g» 

coe  If  sin  1)1  y  sin*  rjs  1’  —  sin  n'  >)#  V  *•>**  +  f*  n/\ 

t‘  +  l-coe>TiWn.  ■ 

The  required  solution  of  this  equation  takes  the  form 

t^  +  l=  (15) 

^  (ch  g*  COB  T|*  —  ch  ga  cos  H»)*  -•-•(sh  g'-sin  t)'  eh  go  cos  t)»  —  cfa  g'  i-os  n'  sh  go  sin  t|»)» 

(ch  g'  cos  ti*  —  ch  g«  cos  Ho)*  +  (sh  g'  sin  Y  —  sh  go  sin  ho>*  * 

By  the  triple  use  of  a  theorem  of  addition  for  the  elliptical 
second-order  integrals  (13)  it  is  established  that  ^Ter)  = 

Solution  (15)  has  the  following  geometric  interpretation.  For 
different  positions  of  point  M  on  the  ellipse  it  can  seem  that  the 
continuation  of  ray/beam  M,M  inside  the  ellipse 


a)  intersects  its  large  axis  out  of  the  segment  (-c,  ■•■c); 


1 
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b)  falls  into  the  focus  of  ellipse; 

c)  intersects  segment  (-c,  +c); 

d)  is  tangent  to  the  ellipse. 

In  the  case  of  a)  value  e  -t- I)'*  is  a  semimajor  axis  of  the 
ellipse,  confocal  to  given,  for  which  ray /beam  M,M  is  tangent.  In 
particular,  if  this  ray/beam  falls  into  the  focus  (case  b) ,  then  this 
ellipse  is  degenerated  in  the  segment  (-c,  -»-c)  and  T,t  =  0.  in  the 
case  of  c)  value  r  !)''•  is  a  distance  from  the  center  of  ellipse 
{■{,  for  the  apex/vertex  of  the  hyperbola,  confocal  with  the  given 
ellipse,  for  which  ray/beeun  M.M  is  tangent.  In  the  case  of  d) 
c  (T*^  +  !)■'•  is  a  semimajor  axis  of  this  ellipse,  i.e.,  trr  =  sh  5,.  it  is 
established  that  <o'’(t,t)<  0. 

4.  Is  examined  task  (l)-(2)  (relative  to  function  u(M,,  M) )  for 
arbitrary  duct/contour  S  of  positive  curvature. 

Page  108. 

It  shows  that  for  this  duct/contour  there  is  always  an  ellipse,  which 
at  point  s  of  duct/contour  S  the  contact  of  the  third  order  and 
wholly  lying  within  S  (in  the  vicinity  of  point  of  contact  of 


DOC  -  82036007 


PAGE  :i43 


tangency ) . 

At  each  point  s  of  duct/contour  S  is  constructed  this  ellipse 
and  for  it  is  solved  problem  (l)-(2);  by  the  series/rov  of 
estimations  for  and  ^  is  proven. 

Theorem  1.  For  values  of  u  on  duct/contour  S  occurs  asymptotic 
formula  (k->*) 

«(»’)=  <b(A/o,  s)  +  maxi®  I ,  (16) 

where  u{3)  =  u\M^S,  -  solution  of  the  corresponding  problem  for 

the  ellipse,  cai^ried  out  at  point  s,  as  noted  above.  Hence,  because 
of  estimation  <p(A/,;,  j)  =  O  (exp  (— «*■'•))  for  shadow  zone,  it  is  obtained. 

Theorem  2.  If  point  s  on  duct/contour  S  lies/rests'  at  shadow 
zone,  then  occurs  the  estimation 

u(s)  =“0  (exp  ( —  ek’’)),  (e  =  const  >•  0).  (17) 

Formula  (16)  is  an  improvement  in  the  analogous  formula,  obtained  by 
V.  M.  Babich  for  the  case  of  circle  of  curvature. 
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Interference  wave  field  near  the  surface  of  elastic  heterogeneous 
sphere. 

A.  I.  Lanin. 

Is  investigated  wave  field  in  the  elastic  sphere  r4a  with  the 
elastic  constants  X,  u  and  p,  excited  by  the  rotary  source,  applied 
to  its  surface. 

The  wave  field  of  source  at  observation  point  can  be  represented 
by  the  sum  of  the  waves,  which  tested  0,  1,  2,  ...  reflections  from 
the  surface  of  sphere.  Waves  with  a  small  number  of  reflections  by  0, 
1,  ...,  M-1  can  be  examined  separately  (wave  of  geometric 
optic/optics).  Waves,  a  number  of  reflections  for  which  is  great  M, 
M-*-!  ...  (Mach  number  depends  on  the  wavelength  X  and  distance  from 
the  source  to  observation  point),  they  will  interfere  with  each 
other,  forming  complicated  wave  field.  This  field  can  be  named 
interference  type  ground  wave. 

The  method  of  isolation/liberation  from  the  exact  solutions  of 
the  tasks  of  expressions,  which  describe  the  waves  of  a  similar 
nature,  is  proposed  by  V.  S.  Buldyrev  (see  V.  S.  Buldyrev's  report). 
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For  the  uniform  elastic  sphere  the  exact  solution  of  task  Q(r, 
-  the  unit  vector  of  spherical  coordinates)  takes  the 

form 


(ir) 


■  P'n(coa^^),  (1) 


where  0>3/2ka,  k^u/b,  b  -  velocity  of  propagation  of  transverse 
waves,  /i»v. (5)  -  Bessel  function,  i^(eoad)  -  the  first  associated 

function  of  Legendre. 


Page  109. 

Applying  the  conversions  of  Watson,  let  us  represent  infinite 
sum  (1)  by  the  contour  integral 

_  vJ»‘  j[eo«(«  — ♦! 

^  ^  8^  ^ r  S  A'-*  «.  - dy,  (2) 

c 

where 


/(»■.  «.  V) 


/,(*»■) 

/',(*«)- 9/,  (ka)  ’ 


Integration  occurs  on  duct/contour  c,  which  contains  the 
positive  part  of  the  real  axis. 


As  a  result  of  different  conversions  of  integral  (2)  it  is 
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possible  to  isolate  the  integrals,  which  describe  separate  waves  and 
interference-surface  wave. 


For  the  separate  waves  with  ka»l  is  obtained  the  following 
formula  of  geometric  approximation/approach: 

^  y^24(i»»+  1)  eaiie^>eMa  mcw— >.  »<•<■  ^  \30r/J  ' 

In  given  formula  q>m  -  angle  in  the  source  between  a  radius  of 
sphere  and  the  ray/beam,  which  arrives  after  m  reflections  into 
observation  point;  sin'-'vqi*  -  coefficient  of  the  directionality  of 
source;  24  (m -h  i)  costp^  -  length  of  the  path  passed  by  wave;  »/2m  ■ 
change  in  the  phase  of  wave  after  m-fold  passage  of  caustic  curve; 
y-'O*  (l(a/2)  V*  -  given  angular  distance. 


The  integrals,  which  describe  interfering  wave,  it  is  possible 
to  reduce  to  the  form 


where 


Tm  (t)  =  \  ^  (0.  /  1 .  - 


Airy's  function,  AX3-4, 
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Function  FmM  can  be  easily  tabulated.  For  its  calculation  was 
comprised  the  program  for  the  high  speed  electronic  computer  BESM-2. 

For  the  heterogeneous  sphere  with  the  wave  propagation  velocity 
b»b(r),  which  increases  with  the  depth,  the  process  of  the  formation 
of  interference-surface  wave  and  waves  of  geometric  optic/optics 
remains  the  same.  Diffei’ence  consists  only  of  the  fact  that  the 
rays/beams  will  come  into  observation  point  after  m-fold  reflection, 
extending  not  along  the  chords,  but  on  the  arcs  of  different 
curvature. 

Conversion  and  research  of  solution  for  the  heterogeneous  sphere 
are  carried  out  by  the  methods,  analogous  to  the  methods,  used  with 
b-const.  The  formulas,  obtained  with  b>const,  can  be  generalized  in 
case  of  b«b(r). 
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5.  Method  of  the  generalized  seriess  of  Fourier. 

Approximate  solution  of  the  maximum  tasks  of  mathematical  physics. 

V.  D.  Kupradze. 

The  rapid  progress  of  computer  technology,  characteristic  for 
our  time,  puts  forth  new  tasks  in  the  region  of  the  research  of  the 
"universal*'  methods  of  approximate  solution  of  the  tasks  of 
mathematical  natural  science.  In  the  present  report  vill  described 
one  new  "version"  of  method  Fourier,  which  makes  it  possible 
construct  approximate  solutions  almost  for  all  linear  maximum  tasks 
of  mathematical  physics  and  continuum  mechanics. 

Equations  and  system  of  equations  of  elliptical  type.  The 
simplest,  but  completely  typical  example  to  the  illustration  of 
method  gives  Oirichlet  problem  for  the  harmonic  function:  to  find 
fxmction  u(z),  harmonic  in  region  by  Lyapunov's  limited  locked 
surface  S,  knowing  that  limit  u(x)  with  the  tendency  of  point  x  from 
within  toward  point  x,  on  the  boundary  is  equal  to  the  assigned 
continuous  function  f(x,).  The  regular  solution  of  this  problem 
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satisfies  the  relationships/ratios  of  Green 

s  s 


(1)  .  ^ 
(2) 


where  by  B,  is  understood'  the  external  infinite  region,  which 
supplements  to  the  complete  space,  and  (p(y)  is  a  value  normal 
derivative  unknown  function.  It  is  proven,  that  if  o(y)  is  determined 
from  functional  equation  (2),  then  (1)  gives  solution  of  problem.  It 
is  proven  also,  that  (2)  actually/really  has,  and  besides  only,  the 
solution  and  that  it  is  possible  to  clearly  compute  its  Fourier 
coefficients.  For  this  is  introduced  the  set  of  functions 
Ir  (**,  y)]'*  s  (y),  y  6  ^  —  if  2,  3,  4  .  .  .  , 

where  >  z*  is  a  calculating  point  set,  everywhere  tightly 
arranged/ located  on  the  arbitrary  locked  surface  of  S^,  situated  in 
Bt,  clasping  S  and  not  having  with  it  common  points.  Is  proven  the 
fxindamental  theorem:  set  {<i>»(y)}  is  linearly  independent  and  complete 
in  space  Lj  (S). 


Introducing  the  orthonormal ized  system 

i 

Ti  (y)  *  I!  (y)* 

from  (2),  in  an  obvious  manner  we  obtain 
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Hence,  accorc  ig  to  known  facts  about  the  properties  of  Fourier 
series  in  the  complete  Hilbert  spaces,  we  have  for 

j<p  (y)  —  s  —  0- 


Page  111. 


It  is  now  easy  to  ascertain  that  the  function 


(4> 


is  unknown  approximate  value  of  function  u(x).  For  this  it  suffices 
to  compose  difference  (1)  and  (4)  and  to  consider  its  modulus/module 
with  the  help  of  Schwarz-Buniakowski's  inequality 

lu  (X)  -  (x)|<^{^(;^)*dy^[(q>  (y)  -  So,,,  (J,)  )']ds]'\ 

Hence  by  virtue  of  (3)  we  have 

u  (x)  SB  lim  urv  (x). 

JV-««e 

This  methodology  almost  without  any  changes  passes  to  use/application 
to  all  linear  "elliptical”  tasks  for  the  homogeneous  and 
piecewise-discontinuous  media,  for  equations  and  systems  of 
equations,  in  particular  for  the  boundary- value  problems  of  the 
theory  of  diffraction,  theories  of  elasticity  and  hydrodynamics. 
Details  see  in  [1];  see  also  the  report  to  D.  Z.  Avazashvili. 
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Equations  and  system  of  equations  of  parabolic  type.  As  the 
simplest  typical  example  can  serve  mixed  problem  of  the  theory  of  the 
thermal  conductivity; 

o--|r  =  0.  71,  (7’>o) 

lim  u  (x,  t)  =  /i  (j:o.  <). 

lim  u  (*,  t)  =  /,  (*). 

It  is  proven,  that  with  some,  sufficiently  general/common/total 
properties  of  functions  f^  and  f,  and  surface  S  the  task  has  a 
solution  for  which  are  valid  Green's  formulas; 

f 

u  (i,  t)  =  J  dr  J  p  {x,  V,  y,  r)  <p  (y,  x)  dS  ~  f  (x,  t),  x  6  Bn  (5) 

t 

0  =  5  P  (*,  t;  y,  T)  9  (y,  t)  dS  —  F  (*,  t),  X  e  B,.  (6) 


Here  F(x,  t)  -  assigned  function,  which  depends  on  f^  and  ft. 


=  -if'’'  p  (*>  h  y,  X) 


T)"’ 


_c  ,  y^S,  T<« 


is  a  basic 


solution  of  the  equation  of  thermal  conductivity. 


Together  with  points  x*.  by  those  introduced  above,  now  we 
introduce  other  points  A, »  =  1,  2  . . .  Mi|<lA+i!,  which  "tightly" 
cover/coat  entire  segment  [0,  T],  where  T  -  arbitrarily 
fixed/ recorded  positive  number,  and  we  construct  the  set 


o  (*».  U;  y,  T) 


p  {^k,  ti-,  y,x)  T  <  t' 
0 


(7) 


1 
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It  is  not  difficult  to  check  that  the  elements/cells  of  this  set  for 
y  f  .S’,  T  fr  10.  n  are  continuous  together  with  all  derivatives. 


Page  112. 

After  placing  the  somehow  introduced  set,  we  can  write: 

otj  (y,  t)  =  o  (i*^.  ti-;  y,  t),  (8) 

and  in  space  L,  (Sx  [0,  T])  with  the  norm  for  the  element/cell  e(y, 
t)  , 


/s 


dx  \  <p*  (y,  t)  ds 


we  introduce  the  orthonormal ized  set 

(».  t)  =  S  (^f 

y-i  ' 

Occurs  the  following  fundamental  theorem: 


(9) 


Set  t)}  is  linearly  independent  and  it  is  full  in  space  L, 

(Sx  [0,  Tl). 

From  (6)  it  follows  that 

^  (»,  t)  p  (i,j,  ti,;  y,x)dS  =  F  tt,) 

or  by  virtue  of  (7)  and  (8) 

J  dt  C  f  (y,  T)  uj  (y,  t)  d-S  =  F  (**,,  ti^. 
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and  finally  hence  by  virtue  of  (9)  we  obtain 

(I>„  =  ^  <p  (y,  t)  <p„  (y,  t)  tlS  =  2 

After  constructing  the  function 
« 

uh  (i,  t)  =  j  ^  p  (*.  <:  y .  ^)  S  (y.  ‘t)dS—p  (x,  t)  (lO) 

and,  relying  on  (5),  (10),  in  view  of  fundamental  theorem  and 
inequality  of  a  Schwarz-Buniakovski  we  obtain 

o(*,  t)=*nmTi/r(x,t}. 

More  general  maximum  problems  are  examined  in  the  works  of  0. 
Napetvaridze  and  A.  Akizhanov.  M.  Grigoliya  showed  the 
use/application  of  a  method  for  approximate  solution  of  the  basic 
mixed  unsteady  task  for  the  linearized  system  of  equations  of 
Navier-Stokes . 

Uses/applications  to  hyperbolic  type  tasks.  L.  Paatashvili 
showed  the  use/application  of  a  method  for  approximate  solution  of 
mixed  problem  of  wave  equation.  First  with  the  help  of  the  Laplace 
transform  task  is  reduced  to  "elliptical"  type  boundary-value 
problem;  to  approximate  solution  of  this  latter,  constructed 
according  to  p.  1,  it  proves  to  be  applicable  inverse  transformation 
of  Laplace  that  also  it  leads  to  approximate  solution  of  initial 
task. 


1  ~  fTf  FSMcim  recHNOLMT  olv  MitNT-#*TTtmeN  «n  oh 

I  Ioi*t»***"'*‘**'  **  OIFFHACTIOH. 

UNCLASSIFIED  FTD-ID(IIS)r-S34»>4« 

U) 

F/«  *0/14  ^  1 

t::;  ■ 

■  H 

1 

I 

1 _ 

— 

— 

" — 

' ' 

■ 
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Uses/applications  to  the  mixed  boundary-value  problems.  Let  S' 
and  S"  be  two  pieces  of  surface  S  and  S'+S"  *8;  let  for  S'  be  is 
assigned  value  u»fj,  and  on  S"  -  value  /t  of  harmonic  in  5, 

function  u(x).  This  is  -  basic  mixed  problem  of  the  theory  of 
potential.  Its  solution  is  expressed  by  the  formula 

where  G(x,  y)  is  Green's  function  for  certain  region.  When  this 
function  is  located  clearly  and  this  proves  to  be  possible  for  the 
sufficiently  wide  circle  of  tasks,  formula  (11)  gives  the  explicit 
solution  of  mixed  problem.  In  [1]  are  described  the  uses/applications 
to  mixed  problems  of  the  theory  of  elasticity. 

REFERENCES. 

1.  B.  A.  R  7  a  p  a'a  •  •.  Maranu  aotaaaaaaoa  a  raopaa  yopyrocra.  M.,  1963. 


DOC  >  82036008 


PAGE 


a  7^ 


Page  113. 

6.  Integral  and  operational  identities. 

One  theorem  for  the  analytic  functions  and  its  generalizations  for 
wave  potentials. 

G.  D.  Malyuzhinets 


Let  us  assume  on  the  complex  plane  z  are  arranged/located  three 
smooth  closed  curves  li,  1,  l^  so  that  1  contains  l^,  1,  in  turn, 
contains  1. 

Let  us  designate  through  D^  the  infinite  region,  external  with 
respect  to  1,,  and  through  D,  -  final,  internal  with  respect  to  1,. 
The  curve  1  belongs  simultaneously  to  both  regions  D^,  D,  and  it  is 
wholly  arranged/located  in  their  intersection  being  vicinity 

by  the  curve  1.  *then  has  place. 
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Theorem  1.  Let  the  analytic  function  w;(z) ,  regular  in  D  region 
and  continuous  in  D+lx-t-la,  accept  on  duct/contour  1  of  value 
Then  fiinction  u>  (z/)  can  be  represented  in  the  form  of  the  sum 


V>  (Z,)  =  W,  (2,)  -f  Iff,  (j,), 

where  w,  (zi)  and  v,  (z()  -  value  for  1  of  the  analytic  functions  w^lz) 
and  Va(z),  from  which  Wx(z)  is  regular  in  Di  and  Wj(z)  is  regular  in 
Dj,  moreover 

Proof.  Applying  the  Cauchy  theorem  to  the  region  between  two 
closed  curves  l*x  and  1',  located  respectively  in  the  regions  between 
the  curves  lil  and  11,,  we  have 


W(2)=» 


where  the  integration  for  both  ducts/contours  I’l,  I'a  is  produced  in 
the  positive  direction.  The  confronting  in  right  side  (3)  integrals 

«..,(z)  =  qr4j.  5  (4) 

represent  the  unknown  functions  Wx(z),  w,(z). 


Page  114. 

Their  regularity  with  respect  in  and  to  Da  follows  from  the 
possibility  to  ccxnbine  ducts/contours  I'x,  1',  in  accordance  with  1^ 
and  If  Counting  further  point  z  of  that  arranged/located  between  1 
and  I'a  in  the  case  of  Wi(z)  or  between  I'a  and  1  in  the  case  of 
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WjCz)  and  combining  1\  or  respectively  1',  with  1,  and  then 
directing  z  to  certain  point  zi  on  1,  we  obtain  expressions  (2)  for 
w,(z,)  and  containing  Cauchy  integral. 

Proved  theorem  1  is  the  obvious  modification  of  the  known 
theorem,  utilized  during  the  factorization  in  the  method  of  Wiener  - 
Hopf  -  Foch. 

Theorem  1  can  be  reformulated  for  the  case  of  the  harmonic 
functions  u.  For  this  purpose  let  us  decompose  function  w(z)  into  the 
real  and  alleged  parts  of  w(x'^iy)«u(p)-»-iv(p) ,  where  through  p  is 
designated  point  (x,  y),  and  let  us  retain  in  the  real  plane  x,  y 
previous  designations  for  regions  Di,  D,  Dj  and  closed  curves  Ij,  1, 
Ij,  after  introducing  additionally  standards/normals  n  with 
corresponding  indexes,  directed  to  the  exterior  of  these  curves.  In 
the  general  case  function  u(p)  satisfies  the  equation 

+  +  (5> 

where  the  function  (perhaps,  generalized)  Fi(p)m0  when  p^Di  and 
respectively  Fa-O  when  so  that  in  D  region  functions  u,  v  are 

harmonics  (Au*Av«0)  and  satisfy  the  conditions  of  Cauchy  -  Riemann. 
Then  it  is  valid. 

Theorem  2.  Let  function  u(p),  harmonic  in  D  and  continuous 
together  with  first-order  derivatives  in  D+li-*-!,,  accept  on  the 
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closed  curve  1  of  value  and  its  normal  derivative  -  value 

Then  occur  the  representations 

“  {pi)  =  0>,)  +  u,  (p,), 

^Pii  +  ^  (Pj). 

vhere  u^ipi)  and  Ut  0?^)  -  value  for  1  of  functions  u,(p)  and  Ua(p), 
harmonics  with  respect  in  Di  and  to  D,.  In  this  case 

«!.,  (P,)  *  X  “  "P  ST  -T  -  “  (P')  -r]  *“'• 

For  the  proof  let  us  assume  in  (4)  2*x+iy;  { -=  5  +  hj;  »,,,(*)« 

Ui,a(p)  +  ivi.,(p) ;  Wa,,({)*Ui.,  (  p' )  +  iVa.a (p* )  and  with  the  help  of 
Caucr.y-Rieman's  conditions  let  us  represent 

1  5  In  r  .  a\ar 

5  —  * 

Page  115. 


dJi\ 


{'•“IS—*!). 


Then  real  part  (4)  is  converted  into  the  line  integral 


which  after  integration  in  parts  with  the  use  of  conditions  of 
Cauchy-Rieman  and  identity  obtains  the  form 


and  after  differentiation  along  the  normal  n  to  curve  1  -  the  form 
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Applying  then  with  respect  to  of  ducts/contours  I'x,  I'l  and  point  p 
the  same  procedure,  as  in  theorem  1,  and  using  the  properties  of  the 
potentials  (and  their  normal  derivatives)  of  simple  and  double  layer 
when  P  —  Pr  we  come  to  expressions  (6).  Harmony  Ui,a(p)  in  is 
established/ installed  also  by  previous  method.  Let  us  note  that  if 
function  u(p)  everywhere  satisfies  equation  (5),  then  functions 
Ui.iCp)  everywhere  satisfy  equations  Au,.,*?,,,  (p) . 


Theor.-^  2,  besides  her  conclusion/output  from  theorem  1,  can  be 
proved  directly  with  the  help  of  Green's  fomula  and  on  this  path 
allows/assumes  generalization  for  the  wave  potentials.  Let  us  show 
this  at  the  case  of  the  three-dimensional  space  where  they  occur  the 
analogous  to  previous,  but  already  three-dimensional  regions  D,,  D, 
Da  and  the  locked  ducts/contours  la,  1,  1,  are  substituted  by  locked 
smooth  surfaces  of  St,  S,  Sa,  moreover  normal  n  to  S  is  directed 
to  the  outer  side  from  S. 


Theorem  3.  Let  function  u(p)  satisfy  everywhere  equation 
Au+k*u*Pa (p)+P, (p)  (dependence  on  time  «-*'*),  where  Fi,a(p)sO  when 

Are  assigned  values  u(p^  and  on  surface  of  S.  Then 

occur  the  representations 

» (Ps)  -  (Ps)+  (Ps) :  S'  (Ps)  “  ^  (Ps)  +  (Ps). 


(7) 
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where  Ui.i(ps)  ~  value  for  S  of  solutions  u,,a(p)  equations 
/iUi,i-t-k*u,,,-Pi,2  (p) ,  u,(p)  satisfying  radiation  condition  at  infinity. 
Functions  Ui.i  O’ J  and  ^“it are  determined  by  the  formulas 

®  tin 


(PJ  -  -f  « (P,)  Sj[-^  <p')t  -  “  <P')  ) 


(8) 


Proof.  We  will  be  bounded  here  for  the  brevity  to  the  derivation 
of  formulas  (8).  Let  us  use  Green-Helmholtz's  formula  to  functions 
Ut(p)  and  u,(p)  respectively  in  the  regions  out  of  and  within  surface 
of  S.  Then,  assximing/setting  P  ^  Psf  we  have 

«!..  (Ps)  =  dr  SS  [  ip')  ^  - «...  ip') 

Now,  subtracting  one  equality  of  another  and  xising  (7),  we  find 

«,  iPs)  -  «.  (Ps) - dr  Sj  [.?  (F')  ^  ^  (9) 

Page  116. 


Analogously  let  us  find 

S -  2  'P.I  ■■  -  i  §  [5-  <p'>  24-"-"  (p)  t]  <">) 

After  solving  the  system  of  four  equations  (7),  (9),  (10) 


relatively  u,.,  (/p^)and 


itu. 


'{/jj,  we  obtain  formulas  (8). 


For  the  case  of  unsteady  wave  fields  is  valid  completely 
analogous  theorem  4  about  the  representation  of  solution  of  U(p,  t) 
of  equation  a C =/■,(/>.  0 -r 0  by  the  sum  of  solutions  Ux,,(p, 
t)  equations  Al/,., /).  In  this  case  the  formula  for 
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obtained  by  Fourier  transform  from  (8)  or  it  is  direct, 
with  the  help  of  the  theory  of  the  delaying  potentials,  they  take  the 


form 


t'...  (Ps.  0  =--  4  (p.' ')  T  4  \\  [4  ^  o 

(p'.  n  -  MV)  ^  (p’^  o] 

^  ^^3. 0 =4  f  (/'3. 0  ^  4S{4  (4)  ^  (p''  n  n 


t  1  [•/  2  dR  dR\dO  ,  ,  ,,, 

cR  [v  dndn'  R  dn  dn'  )  dt'  ‘  ) 

d»  dfdn'  '^P  •  ‘  "ST  ■5r5‘(P  •  OJi ‘iy, 


where  after  differentiation  under  the  integrals  is  placed  t'"t-R/c. 


It 


4 
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Application  of  Lorentz's  lemma  to  the  calculation  of  the  radiation 
fields  of  the  assigned  sources  in  different  media. 

I.  G.  Kondratyev,  V.  i.  Talanov. 

Is  proposed  the  general  method  of  calculating  the  radiation 
fields  the  assigned  source  distribution  in  different  linear 
homogeneo\Js  media:  isotropic  and  anisotropic,  with  the  spatial 
dispersion  and  without  it,  motionless  and  moving,  etc.  Sources  are 
assvuned  to  be  stationary  ones  in  the  space  and  those  harmonically 
changing  in  the  time.  The  method,  based  on  the  use/application  of 
Lorentz's  lemma,  generalizes  the  known  theory  of  the  excitation  of 
waveguides,  worked  out  by  Weinstein,  to  the  case  of  normal  plane 
waves  in  the  unbounded  media. 

In  general  form,  suitable  in  the  examination  of  anisotropic  ^ 

media  with  the  weak  spatial  dispersion,  Lorentz's  lemma  is  formulated  { 

f 

as  follows:  ^ 

—  r  H,  +  £•  =§{(lEi  H,l- IE,  Hi1)  d  I 

*  .  s 

-  ‘V  [t»,  -t-  i'u)]  «.}  dS,  (1)  ; 

I 

I 

where  coefficients  7m,  are  determined  from  the  expansion  '■ 

I 

D,  =  57^^- 


‘1 
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FOOTNOTE  It  is  assumed  that  B*H,  although  this  limitation  is  not 
in  principle.  ENDFOOTNOTE. 

Page  117. 

Field  Ej,  Hj  in  (1)  in  the  general  case  relates  to  the  "transposed” 
medium,  in  which  both  the  direction  of  external  magnetostatic  field 
and  direction  the  motions  of  mediian  are  substituted  to  the 
reverse/ inverse. 

Let  Bt,  Hi  -  unknown  field,  created  by  assigned  sources 
£  =  IT  =  r*  As  Ea ,  Ha  let  US  take  the  field  of  the  plane  wave 
fi,  (k,)  =  fii  a,  (k^)  =  m  (k,)  (3) 

being  normal  wave  of  7  type  in  the  "transposed”  medium.  When  one  and 
the  same  value  |k|  they  answer  different  normal  waves  (as  in  the  case 
of  polar izational  degeneration  in  the  isotropic  medium),  we  will 
consider  it  their  orthogonal i zed  in  the  sense  of  executing  of  the 
relationship/ratio 

,  -  {[E:  (k) .  m  <-  k)J  ~  l£^  (-  k)  H;  (k)))  ■  n  - 

r  <-  k)  +  (k)  (-  k)  - 

— ^»T*(-k)A(k)j}.n,  =0,  (4) 

where  n  -  unit  vector  in  the  direction  of  the  group  velocity  of  wave 
Bn  Value  /» iV,  let  us  name  the  norm  of  a  plane  wave  of  the 
type  V. 
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The  field  of  the  assigned  sources  at  certain  point  of  the 
sufficiently  distant  sphere  in  the  direction  of  unit  vector  r,(  d,  <j>) 
we  will  seek  in  the  form  of  the  superposition  of  the  normal  plane 
waves 

E  ('».  /■)  =  2  ^)'e;  (kv) 

H  (r„  i-)  =  2  a,  (r«.  r) •  Hj  (k.)  e'*''  (5) 

V 

with  slowly  varying  amplitudes  of  a,  (r«,  r).  in  view  of  the  uniformity 
of  space  natural  to  assume  that  in  distant  zone  (r^<»)  the  group 
velocity  of  each  of  the  normal  plane  waves  and  which  locally  is 
divided/marked  off  radiation  field,  is  directed  along  radius  (r,).  By 
this  consideration  is  determined  the  form  of  dependence  k,  (r,)  in 
(3).  The  corresponding  surface  integral,  which  is  obtained  as  a 
result  of  substitution  (3)  and  (5)  in  (1),  with  r-^»  is  computed  by 
the  method  of  steady  state,  moreover  under  the  done  assumption  about 
dependence  k,  (rg)  of  stationary  proves  to  be  the  point  at  which 

k,  (rg)  =  — L,  i.e.  the  point  of  contact  of  the  tangency  of  the  fronts 
of  the  emitted  and  test  waves.  The  resultant  expression  for 
amplit\jdes  a,  (9, 9,  r)  takes  the  form 
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».  .p,  r)  =  -L  .  !  .  r /■y."}-;  ^  , 


X 


sin  d 


(  '■  dO  ’  *■  dOi  ■*"1 

4.  '*•*  .  '*■*'/  I  1  ' 

\  <#d  ■  Ap  ‘  ’’“/  J  I 

r  •  X  •  S  fi*-  M  -  r-  H.  (-  K)}  dr. 


V>) 


For  V  the  type  in  question  factors  confronting  in 
relationship/ratio  (6)  before  the  integral  are  the  \iniversal  function 
of  the  parameters  of  medium.  In  terms  of  this  it  differ  significantly 
from  the  expressions,  which  escape/ensue  from  the  usual  reciprocity 
theorem  whose  use/application  requires  the  knowledge  of  the  fields  of 
elementary  sources. 


Page  118. 

Relationship/ratio  (6)  is  illustrated  by  a  number  of  examples. 
In  the  special  cases,  which  were  being  examined  earlier  in  the 
literature,  it  leads  to  the  already  known  results. 

The  region  of  the  applicability  of  the  method  proposed  is  not 

contained  by  the  tasks  about  the  radiation/emission  of  the  assigned 

source  distribution  in  the  unboxmded  homogeneous  medium;  it  extends 

also  to  the  piecewise-uniform  media,  if  is  known  the  solution  of  the 

problem  about  the  diffraction  of  normal  plane  waves  with  this 
configuration  of  system. 
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Equivalent  transformations  of  quasi-optical  systems. 

V.  I.  Talanov. 

In  the  practice  of  the  use  of  quasi-optical  waveguides  and 
resonators  increasingly  more  frequently  appears  the  need  in  the 
construction  of  the  combined  systems,  which  consist  of  different 
amplitude-phase  converters  of  the  wave  bundle:  lenses,  mirrors, 
prisms,  plates,  etc.  With  the  use/application  of  such  systems  are 
connected,  in  particular,  attempts  at  the  suppression  of  the 
parasitic  types  of  oscillations  in  the  resonators  of  lasers  and  the 
quasi-optical  plumbing. 

The  calculation  of  the  complicated  combined  quasi-optical 
systems  substantially  is  simplified  during  the  use/application  of  an 
operational  method  of  describing  the  wave  bundles.  The  basic 
operators  of  the  transformation  of  wave  bundle  are:  the  operator  of 
Green,  who  mutually  connects  field  distributions  in  two  different 
beam  sections  in  the  free  space;  the  operators  of  the  aberrations  of 
the  first  and  second  orders;  the  operator  of  the  Fourier  transform  of 
wave  bundle;  the  operator  of  the  transverse  displacement  of  bundle  to 
the  constant  vector,  the  operator  of  the  scale  transformation  of 
bundle;  the  operator  of  the  i rising  of  bundle  ideally  absorbing 
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barrier  with  the  opening/aperture.  For  the  operators  indicated  is 
established/ installed  the  series/row  of  the  operational  identities 
which  permit  implemention  of  the  equivalent  transformations  of  the 
quasi-optical  systems  of  amplitude-phase  transformers,  analogous  to 
the  transformations  of  optical  systems,  produced  on  the  basis  of  ray 
theory.  By  equivalent  transformations  of  quasi-optical  systems  are 
understood  the  transformations  of  the  transformers  of  the  fields 
which  either  leave  without  the  change  the  operator,  which  connects 
field  distributions  in  two  fixed/recorded  sections  of  system  or  are 
converted  it  in  accordance  with  the  replacement  of  the  function, 
which  describes  wave  bundle. 

As  the  examples,  which  illustrate  the  use/application  of 
equivalent  transformations,  are  examined  the  following  tasks:  about 
the  passage  of  wave  beam  on  the  q:Msi-optical  waveguide  with  the 
arbitrarily  arranged/ located  periodically  repeating  diaphragms;  about 
the  types  of  the  oscillations  of  spherical  resonator  with  the 
intermediate  lens;  about  the  construction  of  the  short  combined 
resonator,  equivalent  according  to  its  characteristics  to  longer 
confocal  resonator;  about  the  reflection  of  wave  beam  from  the 
quadratic  converter  with  the  flat/plane  mirror  shield, 
arranged/located  after  it,  inclined  toward  the  optical  axis  of 
system. 
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Interesting  transformations  of  the  quasi-optical  systems  are 
connected  with  the  use/application  of  identities,  which  contain  the 
transformation  of  beam  into  its  angular  spectrum.  Applying  Fourier 
transform  to  the  beam  in  the  real  quasi-optical  system,  is  possible 
to  pass  to  the  examination  of  certain  interconnected  circuit,  the 
role  of  "beam”  in  which  will  play  the  angular  spectrum  of  wave  beam 
in  the  reference  system.  To  flat/plane  uniform  layer  in  the  real 
system  corresponds  quadratic  converter  in  that  conjugated/ combined 
and,  on  the  contrary,  to  quadratic  converter  in  the  reference  system 
corresponds  the  layer  of  uniform  space  in  that  conjugated/combined. 

Page  119. 

Analogoius  mutual  relationships/ratios  have  between  the  operator  of 
first-order  aberrations  and  the  operator  of  beam  displacement.  As  an 
example  of  interconnected  circuits  can  serve  the  ray  waveguide, 
conprised  of  the  dissimilar  quadratic  converters,  and  the  waveguide, 
which  contains  the  identical,  but  nonequidistantly  arranged/located 
converters. 

Transition  to  the  examination  of  equivalent  interconnected 
circuit  proves  to  be  especially  useful  when  the  transformation  of  the 
angular  spectrum  of  wave  beeun  by  the  separate  elements  of  system  is 
described  more  simply  than  the  coordinate  transformation  of  beam 
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itself.  As  an  example  of  this  task  is  given  the  calculation  of  the 
types  of  the  oscillations  of  spherical  resonator  with  that  introduced 
to  it  inclined  toward  the  optical  axis  of  system  flat/plane 
Fabri-Perot  interferometer. 
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One  modification  of  diffraction  integral  in  the  theory  of  volumetric 
scattering. 

M.  L.  Levin. 


The  task  about  the  diffraction  on  the  uniform  transparent  body 
in  the  approximation/approach  of  the  theory  of  weak  scattering  is 
reduced,  as  is  known,  to  the  determination  of  the  integral 


RxRt 


(1) 


where  Ri-Rjri,  Rj,»R,r,  -  radius-vectors  of  the  element  of  volume  dV 
of  the  scattering  body,  carried  out  from  source  and  observation 
point. 


Integrand  in  (1)  is  divergence  of  vectorial  field 

i  I*  IS  -i.  re 

^  ”  T  +  — ^  2*  R^x  ’l  +  cos** 

Here  D  -  distance  from  the  source  to  observation  point,  o  -  angle 
between  unit  vectors  rj  and  r,.  On  the  ray/beam,  which  combines 
source  with  obsez^ation  point,  field  F  has  a  special 
feature/peculiarity.  Using  the  gauss  divergence  theorem  and  taking 
into  account  this  special  feature/peculiarity,  it  is  possible  to 
reduce  (1)  to  the  form 

+  (2) 

where  1  -  section  of  ray/beam  D,  which  is  located  within  the  body. 
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Transition  from  volumetric  integral  (1)  to  surface  integral  (2) 
is  analogous  in  a  certain  sense  to  the  replacement  of  the  picture  of 
Fresnel  by  Young’s  picture  in  the  classical  theory  of  diffraction. 
During  the  solution  of  the  specific  problems  (in  particular,  when  the 
incident  wave  it  is  flat/plane)  calculations  according  to  formula  (2) 
prove  to  be  substantially  more  simply  than  according  to  formula  (1). 
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7.  Infinite  systems  of  equations. 

Mathematical  questions  of  the  theory  of  diffraction  on  a  flat 
periodic  lattice. 

Ye.  N.  Podolskiy. 

1.  As  is  known,  task  about  diffraction  of  plane  electromagnetic 
wave,  which  falls  at  arbitrary  angle  to  flat/plane  periodic  lattice, 
formed  by  parallel  infinitely  thin  and  ideally  conducting  metallic 
strips/films,  is  reduced  to  two  scalar  tasks  A  and  B  which  are 
formulated  below  in  parallel. 

Page  120. 

On  axis  oy  of  plane  yOz  is  arranged/located  the  lattice,  formed 
by  periodically  arranged/located  axis  intercepts.  The  period  of 
lattice  is  equal  to  d,  the  width  of  slots  -  d.  It  is  necessary  to 
find  function  v(y,  z),  which  satisfies  everywhere  in  the  plane,  with 
exception  of  the  points  of  lattice,  the  equation  of  Helmholtz 
dv+k*v«0,  continuous  up  to  the  boundary,  that  satisfies  the  boundary 
condition 

v  I M  (iru  0  B  -la.taHi'  A 


jr 
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Key:  (1).  in  problem. 


(respectively 


PAGE  36^ 
5.^3 


—  I  ^0  B  3aAa<ie  B) 

o-  ,  an  (lem 


Key:  (1).  in  problem. 


and  represented  in  the  form 


*•’(^1  “)  ■—  *’iiaa(yt  2)  +  1*1  (y,  2), 


where 


00 

»naa  =  f« ;  r,  (y,  j)  xe*i‘v  2  '  * ' 


»*»— 00 

(factor  a  is  eqiial  to  one  in  task  A  iii  in  task  B). 

Here 


(2=^0) 


v«  =.  Kk*  —  (p +  «/>)*. 

moreover  radical  sign  is  chosen  frcn  condition  lmva>0,  and  if 
Imvn  s  0,  than  Revn  >  0. 


So  that  the  solution  v(y,  z)  would  satisfy  condition  of  the 
finiteness  of  energy  in  any  limited  part  of  the  space,  it  suffices  to 
require  satisfaction  of  the  following  condition:  there  is  periodic 
with  period  d  a  s:sQmarized  in  the  period  function  P(y),  such,  that 

|£i^>|</?(y) 

in  certain  band  ti|eo(0>O) . 
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Under  these  conditions  are  proven  the  existence  and  the 
uniqueness  of  the  solution  of  tasks  A  and  B. 

2.  Task  B  is  reduced  to  task  A;  therefore  it  is  possible  to  be 
bounded  to  examination  of  task  A. 

Task  A  is  reduced  to  the  solution  of  the  infinite  system  of 
linear  algebraic  equations.  It  is  proved  that  this  system  satisfies 
Koch's  conditions  and  for  its  solutions  in  the  space  of  sequences  1* 
are  valid  Fredholm  theorems.  It  is  shown  that  any  solution  of  system 
from  1*  gives  the  solution  of  stated  problem  A.  Therefore  it 
singularly  and  in  view  of  Fredholm's  alternative  exists. 

Since  the  mentioned  system  of  linear  algebraic  equations 
satisfies  Koch's  condition,  its  solution  can  be  obtained  in  the  form 
of  the  relations  of  the  convergent  infinite  determinants  of  Cramer. 
Thuis,  by  truncation  of  infinite  system  there  can  be  obtained 
approximate  solution  of  the  system  (but  it  means,  and  the 
boundary-value  problem  A)  presented  in  the  principle  to  any  degree  of 
accuracy . 


Let  us  introduce  dimensionless  parameter 


equal  to 
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the  ratio  of  the  period  of  lattice  to  the  length  of  the  incident 
wave.  Are  of  interest  tvo  limiting  cases:  small  x  and  large  x, 

3.  In  long-wave  approximation/approach  we  will  count  k,  u  and 
V  fixed/recorded,  and  d  vanishing.  First  let  us  assume  in  this  case 
is  retained  the  constant  ratio  of  the  width  of  slot  d  to  period  d. 
Then  the  solution  of  task  A  can  be  represented  in  the  form 

»(l/.  2)  =  »«>(y,  *)  +  0(x*), 

where  the  estimation  is  uniform  relative  to  y  and  z. 

Page  121. 


For  z)  is  given  explicit  expression.  From  it  it  is  possible  to 

obtain  with  |a^(F>0  the  approximation/approach  of  lamba-Rayleigh  which, 
as  it  is  proven,  has  an  error  in  order  0(x*).  is  of  interest  another 
version  of  the  long-wave  approximation/approach  when  simultaneously 
with  tendency  d  toward  zero  approaches  one  relation  d  to  d.  Mamely, 


let  p-^*,  moreover 


lim 

p-^ 


D. 


In  this  case  the  solution  of  task  A  with  p*»*  is  even  in  any  closed 
domain,  which  does  not  contain  the  points  of  axis  oy,  it  ai^roaches 
limit  function 

IV  (y,  «)  = 
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4.  In  examination  of  short-wave  approximation/ approach  we 
consider  lattice  of  that  fixed/recorded  (d«2x),  and  k  as  that 
approaching  infinity  (in  this  case  direction  of  propagation  of 
incident  wave  is  kept  constant). 

The  obtained  result  consists  of  the  following  1  The  solution  of 
task  A  can  be  represented  in  the  form 

»(y.  *)  =  2  sin  n  A  •  ‘  +  e  (y,  2).. 

naa— 00 

Function  s  (y,  2)  satisfies  the  inequality 

pie(y.  2)i*rfy<i2<^. 

In  this  case  flow  (el  of  the  energy  through  the  segment  with  the 
length  of  2x  of  straight  line  z*^4o,  which  falls  to  function  « (y.  2)< 
is  considered  as  follows: 

If  we  formally  decompose  v„  according  to  degrees  1/k  and  to  be 
bounded  in  the  expansion  two  first  terms,  then  it  is  possible  to 
obtain  the  representation  of  solution  in  the  form  (y.  z)  +  ef  (y,  2); 

CO  /  u.  \ 

»*'  (»,  *)  =  (e*«  -  e“«')  +  V  sin  n  -  ■  A  m  ' ' ' ) 

^  -  nn 

n  j-.c 

is  the  approximation/approach  of  geometric  optic/optics,  and  (y,  2) 
satisfies  the  following  inequalities: 

«*•(»,  z)\^dydz<^;  |iivlKr,,<C|/r£ip. 

Thus,  in  this  task  is  obtained  a  strict  proof  of  geometric 


optic/optics. 
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5.  In  intermediate  range  x  is  checked  possibility  of  numerical 
calculation  with  a  high  degree  of  accuracy  in  electronic  digital 
computers  with  operating  speed  of  order  "^rrow/pointer". 
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Diffraction  and  propagation  of  electromagnetic  waves  in  flat  and 
cylindrical  periodic  structures  of  special  geometric  form. 

G.  N.  Gestrin,  L.  N.  Litvinenko,  K.  V.  Maslov,  V.  P.  Shestopalov. 

It  is  well  known,  as  it  is  difficult  to  obtain  the  efficient 
calculation  methods  in  the  diffraction  tasks  when  the  wavelength  of 
the  incident  field  of  the  same  order  as  as  the  sizes/dimensions  of 
obstructions.  In  the  work  of  Z.  S.  Agranovich,  V.  A.  Marchenko  and  V. 
P.  Shestopalov  (ZhTF,  XXXI I,  iss.  4,  381,  1962)  was  proposed  the 
method  of  the  solution  of  the  problem  of  diffraction  on  the  correct 
foil  lattice,  which  makes  it  possible  represent  solution  in  the  form 
convenient  for  the  qualitative  and  quantitative  research.  Following 
the  work  indicated  appeared  the  whole  series  of  other  works  in  which 
this  method  applied  to  more  complicated  type  periodic  systems.  One  of 
the  in  practice  interesting  tasks,  for  which  the  use/application  of  a 
method  of  the  work  indicated  proves  to  be  possible,  is  the  task  of 
diffraction  on  the  flat/plane  periodic  lattice,  which  consists  of  the 
parallel  metallic  bands  of  different  width  d  and  dj.  Diffraction  on 
this  lattice  possesses  the  specific  special  features/peculiarities, 
which  make  the  use/application  of  such  lattices  more  advantageous  in 


DOC  -  82036008 


PAGE 

a  sense,  than  simple  lattices.  Furthermore,  the  solution  of  this 
problem  for  the  case  of  the  arbitrarily  incident  plane  wave  is 
allowed  then,  using  the  averaged  boundary  conditions,  to  obtain  the 
results,  which  relate  to  the  propagation  of  waves  in  the  circular  and 
spiral  waveguides  of  analogous  structure  (i.e.,  consisting  of  the 
strips/films  of  different  width). 

Let  us  consider  briefly  the  simplest  task  of  diffraction. 

Let  in  plane  xOy  be  arranged/located  the  flat/plane  infinitely 
thin  and  ideally  conducting  metallic  lattice  with  period  1,  which 
consists  of  alternating  bands  with  a  width  of  dx  and  d.  Axis  Ox  is 
parallel  to  the  bands  of  lattice.  From  half-space  z>0  normal  to  this 
lattice  falls  plane  electromagnetic  wave  £*=  e-***'-"'*,  £„=£,=  0.  To 
component  Ex  of  the  unknown  field  it  is  possible  to  present  in  the 
form  of  Fourier  series  in  half-spaces  z>0  and  z<0.  Using  boundary 
conditions  in  plane  z«0,  we  will  easily  obtain  infinite  system  of 
equations  for  determining  the  unknown  Fourier  coefficients.  However, 
this  system  little  is  convenient  for  research  and  obtaining 
approximate  solutions.  Via  reducing  of  initial  task  to 
Riemann-Hilbert's  task  it  is  possible  to  obtain  the  equivalent  system 
of  equations  for  the  Fourier  coefficients,  which  proves  to  be 
extremely  convenient  for  the  solution  of  problem.  The  small  number  of 
equations  of  this  system  gives  the  possibility  to  perform  with  the 
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high  degree  of  accuracy  the  numerical  calculations  in  the  range  of 
values  from  0  to  the  values  of  the  order  of  several  ones 

when  has  already  been  made  by  possible  tne  use/application  of 
short-wave  approximation/approach. 


During  the  research  of  solution  special  interest  presents  the 
case  when  width  di  of  narrower  band  is  small  in  comparison  with  the 
period  of  lattice.  If  '<<  1  ( long-wave  approximation/approach),  then 
from  the  system  indicated  for  the  coefficient  of  reflection  b,  it  is 
possible  to  find 


6.= 


2tx  —  ^[8i^[al^ 


(1) 


where  values  ^i«i, ^i«i  and  asymptotically  (when  cos^‘=i>-»i) 

are  equal  to 

^9]  = 


1 


-In  1  — »  (1-u+K2(1-  u))». 
2  y"2  (1  —  u)  32  (!  —  »)* 


/??„  =  ^  In 

K2  (1  -  u) 


/I  —  u* 


1  —  K  -f  (1  —  «)  ’ 


"^loj  ="^l9l  —  In  (l  + 1,/  ) : 

^[Oj  =  ■ftfol - ^  In  — TT— : 


»C9l - 2 

31  [I— d) 


■■  cos 


i 


Page  123. 


If  we  in  (1)  pass  to  the  limit  with  v^l,  then  we  will  obtain  the 
known  Lamb  approximation/approach  for  the  usual  lattice.  However, 
because  of  the  fact  that  the  tendency  toward  zero  appropriate  terms 
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in  (1)  very  slow  (as  — presence  v  even  little  different  from  1 
noticeably  is  reflected  to  value  b,. 

It  proves  to  be  possible  to  obtain  by  the  same  means  the 
solution  for  H-polarized  wave  and  further  for  the  case  of  oblique 
incidence  in  the  wave.  This  in  turn,  makes  it  possible  to 
establish/install  equivalent  boundary  conditions  for  these  lattices 
and  to  consider  then  a  question  about  the  propagation  of  the  damped 
and  undamped  electromagnetic  waves  in  the  circular  and  spiral 
waveguides  of  the  corresponding  form.  In  this  case,  if  we  during  the 
establishment  of  equivalent  boundary  conditions  are  bounded  by  Lamb 
approximation/approach,  then  these  conditions  will  coincide  with 
those  obtained  with  the  solution  of  quasi-static  problem.  But  if  we 
use  more  precise  values  of  the  coefficients  of  reflection  (passage), 
then  boundary  conditions  can  be  used  also  for  the  not  very  short 
periods  of  structure. 
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strict  solution  of  the  problem  about  the  propagation  of 
electromagnetic  waves  in  special  circular  waveguides. 

S.  S.  Tret'yakova,  V.  P.  Shestopalov. 

Circular  waveguide  is  the  periodic  structure,  which  consists  of 
the  infinitely  thin,  isolated/ insulated  from  each  other  ideally 
conducting  rings,  with  period  1  and  width  of  the  slots  between  rings 
d.  Such  structures  find  wide  application  as  the  waveguide  filters  in 
the  transmission  lines,  they  are  applied  in  the  linear  accelerators, 
it  is  possible  to  use  them  for  obtaining  the  radiation/emission, 
caused  by  the  motion  of  electron  beam  along  the  axis  of  circular 
waveguide. 

In  the  real  devices/equipment  circular  waveguide  is  placed  into 
the  dielectric  tube,  surrounded  by  metal  shield.  The  presence  of 
dielectric  and  shielding  waveguide,  obviously,  must  affect  the 
characteristics  of  circular  waveguide.  The  purpose  of  this  work  is 
obtaining  a  strict  solution  of  the  problem  about  the  propagation  of 
electromagnetic  waves  in  the  circular  waveguide,  placed  into  the 
dielectric  medium  with  arbitrary  value  e  and  shielded  ideally 
conducting  cylindrical  waveguide. 
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Is  examined  the  case  of  the  symmetrical  E-  and  H~waves.  Because 
of  the  periodicity  of  structure  electromagnetic  field  is  represented 
in  the  form  of  Fourier  series.  Unknown  Fourier  coefficients  are  found 
from  the  s\ibordination  of  fields  to  precise  boundary  conditions  on 
the  surface  of  the  shielding  and  circular  waveguides:  equality  to 
zero  of  tangential  field  component  on  the  slot.  By  different 
transformations  boundary-value  electrodynamic  problem  is  reduced  to 
the  systems  of  equations  which  are  already  well  studied  and  are 
solved  via  their  reducing  to  Riemann-Hilbert 's  task  for  the  analytic 
function. 

Page  124. 

The  solution  of  the  latter  is  obtained  in  the  form  of  the  uniform 
infinite  system  of  linear  algebraic  equations  relative  to  the  unknown 
Fourier  coefficients  of  electromagnetic  field,  for  which  is  suitable 
the  method  of  reduction.  Equality  to  zero  determinants  of  this  system 
is  dispersion  equation  for  each  transmission  mode;  dispersion 
equations  are  obtained  in  the  form,  convenient  for  the  calculations 
on  computer(s). 

In  the  simplest  special  case  of  zero  approximation  dispersion 
equations  acquire  the  sufficiently  simple  form: 
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the  E-waves 
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«  t.  1.  t  _  2« 

Po*  ~  ~  *  ~  T*"  ’  ^  ^ 


w 


P,  (u),  P,.i  (u)  -  Legendre’s  function  from  argument  u-cos  J,(p,a), 

H, (p.a),  ...  -  the  Bessel  function  and  Hankel  of  the  first  order  of 
argvnnents  p.a,  p.b,  p’.a,  p'.b,  J',(p.a),  H'*(p,a),  ...  -  derivatives 
of  the  argument;  a  -  radius  of  circular  waveguide;  b  -  radius  of  the 
shielding  waveguide. 
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Diffraction  of  electromagnetic  waves  on  the  dielectric  lattices, 
comprised  of  beams  of  rectangular  cross  section. 

Yu.  T.  Repa. 

Is  examined  the  task  about  a  normal  incidence' in  plane 
electromagnetic  wave  on  the  lattice,  comprised  of  parallel  dielectric 
beams  of  rectangular  cross  section.  Bars  are  assumed  to  be  those 
prepared  of  the  uniform  isotropic  dielectric  with  complex  dielectric 
constant  «,=«', +iei.  Space  between  them  is  filled  with  dielectric  with 
«t=  examined  the  case  of  E-polarization  (vector  of  electric 

field  is  oriented  along  the  bars  of  lattice)  for  the  lattices  with 
different  h  (thickness  of  lattice  in  the  direction  of  propagation  of 
wave)  and  6  (coefficient,  analogous  to  duty  factor).  Period  is 
undertaken  by  equal  2y. 

Task  is  reduced  to  the  numerical  finding  of  the  coefficients  of 
reflection  and  passage  and  the  analysis  of  their  dependence  on  the 
ratio  of  period  to  the  wavelength.  Interest  in  it  is  caxised  by  the 
possibility  of  practical  use/application  and  by  the  fact  that  it 
possesses  the  greatest  generality  in  comparison  with  the  analogous 
metallic  structures.  The  examination  of  the  latter  can  be  represented 
as  a  special  case  of  this  task. 
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Page  125. 

The  periodicity  of  structure  in  the  direction,  perpendicular  to 
incident  direction  in  the  wave,  makes  it  possible  to  present  the 
fields  above,  under,  and  within  the  structure  in  the  form  of  Fourier 
series.  Subsequently  on  the  fields  are  superimposed  the  requirements 
of  satisfaction  to  the  equations  of  Maxwell  in  the  appropriate 
regions,  to  propagation  condition  at  infinity  and  to  boundary 
conditions  on  the  structure.  Obtaining  the  infinite  systems  of  linear 
algebraic  equations  relative  to  the  coefficients  of  reflection  and 
passage  is  realized  by  reezpanding  the  sets  of  functions  of  complete 
in  one  interval  of  the  sets  of  functions  complete  ones  in  other 
interval  with  the  subsequent  use  of  a  property  of  orthogonality. 

The  difficulty  of  using  the  obtained  infinite  systems  consists 
in  the  fact  that  the  complexity  of  structure  leads  to  the  dependence 
of  equations  from  three  independent  indices,  i.e.,  to  peculiar  "it  is 
three-dimensional/space"  system  of  equations. 

I 

The  solution  of  systems  was  produced  by  the  method  of  reduction. 
For  this  purpose  was  comprised  the  program  for  ETsVM  ['9UBM.  - 
digital  computer]  "Ural-4”.  The  evaluation  of  the  convergence  of  the 


i 
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solutions  of  the  truncated  systems  to  the  solution  of  infinite  system 
of  equations  was  produced  numerically  via  calculation  of  the 
truncated  systems  of  different  orders  and  comparison  of  results.  It 
is  possible  to  draw  the  conclusion  that  the  solution  of  similar  type 
problems  exhausts  the  possibilities  of  machines  of  the  type  "Strela, 
"Ural",  "BESM"  almost  completely  since  the  order  of  the  systems  which 
must  be  solved  for  the  comparison,  grows  according  to  the  law  of  nl*, 
where  n  -  number  of  infinite  systems  of  equations  which  are  required 
to  solve  together,  and  1>1,  2,3....  Thus,  in  this  task  with  1*3  it  is 
necessary  to  calculate  integrated  systems  2nd,  eighth  and  of  the  18th 
or  the  real  systems  of  the  4th,  16th  and  36th  orders. 

By  passage  to  the  limit  from  the  obtained  expressions  it  is 
possible  to  obtain  formulas  for  the  coefficients  of  reflection  and 
passage  from  the  layer  with  the  uniform  and  isotropic  dielectric. 
These  formulas  coincide  precisely  with  the  known  results. 

Finally,  the  dependences,  obtained  at  specific  limiting  values 
e,  coincide  sufficiently  well  with  the  appropriate  dependences  for 
the  metallic  lattices. 
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Diffraction  of  H-polarized  electromagnetic  waves  on  the  foil  lattice, 
comprised  of  the  bars  of  rectangular  cross  section. 

S.  A.  Masalov. 

Is  examined  the  task  about  the  diffraction  of  inclined  incident 
H-polarized  plane  electromagnetic  wave  on  the  lattice  from  the 
parallel  ideally  conducting  bars  of  rectangular  cross  section, 
between  which  is  arranged/located  uniform  and  isotropic  dielectric. 

To  lattice  parameters  and  wavelength  in  comparison  with  the  period  of 
the  lattice  no  limitations  are  superimposed.  The  diffracted  field  is 
sought  in  the  form  of  Fourier  series  respectively  above  and  under  the 
lattice  and  within  the  slots.  Boundary  conditions  and  conditions  of 
join  reduce  to  two  infinite  systems  of  the  linear  algebraic  equations 
in  which  as  the  unknowns  enter  the  half-sums  and  the  half-differences 
of  the  wave  eunplitudes  of  the  diffraction  spectrum. 

In  certain  cases  it  is  possible  to  show  that  these  infinite 
systems  have  solutions,  moreover  the  s\sn  of  the  squares  of  unknowns 
descends.  In  [1]  for  the  mixed  boundary- value  problem  found  the 
solution  of  the  equation  of  Laplace  within  the  circle  in  the  form  of 
infinite  series  is  made  an  evaluation  of  the  decrease  of  Fourier 
coefficients  at  n*^*.  Analogoxjsly  for  the  task  examined/considered  by 
\js  in  certain  cases  it  is  possible  to  produce  the  estimation  of 
tendency  toward  zero  Fourier  coefficients  with  n-^». 


■i 
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At  some  values  of  the  parameters  is  produced  the  solution  of 
systems  on  computer (s)  by  reduction  method.  Was  discovered  a  good 
convergence  of  solutions  of  the  truncated  systems. 

Page  126. 

The  obtained  results  clarify  the  character  of  transition  from  the 
lattice  of  final  thickness  to  the  infinitely  thin  lattice,  on  one 
hand,  and  to  the  system  of  waveguides  -  on  the  other  hand. 

If  we  consider  the  task  about  the  propagation  of  H-polarized 
waves  along  the  lattice,  assuming/setting  fields  by  the  identical 
ones  above  and  under  the  lattice,  then  is  obtained  the  infinite 
system  of  linear  homogeneous  algebraic  equations.  From  the  condition 
for  inversion  into  zero  determinations  of  this  system,  using  Newton's 
method  the  determination  of  the  roots  of  equations,  numerically  on 
computer (s)  are  determined  propagation  constant  of  field  along  the 
lattice.  The  task  of  propagation  along  the  lattice  proves  to  be  in 
view  of  the  symmetry  of  field  to  the  equivalent  task  of  propagation 
along  the  rack  with  the  rectangular  teeth. 


REFERENCE. 

l.JT.B.  KaiTOpoBB^,  B.  H.  Kpujioa.  npuOjiuKcraue  mctoau  aucmero  aH»- 
.-■■aa,  i962,  68—74. 


DOC  -  82036008 


PAGE 

Diffraction  of  plane  electromagnetic  wave  on  the  lattice  from 
parallel  coaxial  cylinders. 

Ye.  A.  Ivanov,  S.  F.  Il'yukevich. 

Is  given  a  strict  solution  of  the  problem  about  the  diffraction 
of  plane  electromagnetic  wave  H®  =  {0,0//?),  E®  =  {£;,  £$,  O), //?  = //e'*""-*-'  on 
the  system  from  an  arbitrary  number  of  parallel  coaxial  lines  of  the 
circular  infinite  cylinders,  which  form  in  the  space  foil  lattice,  on 
the  assiimption  that  the  physical  properties  of  each  of  the  cylinders 
of  system  remain  constant/invariable  along  the  axis  of  cylinder 
(physical  properties  of  all  internal  cylinders  they  are  considered 
identical,  they  are  determined  by  values  ej,  |t».  03.  The  physical 
properties  of  jackets  are  also  considered  identical,  they  are 
determined  by  values  and  by  the  fact  that  the  wave  is 

propagated  in  the  sense  of  the  vector  n,  which  forms  arbitrary  angle 
a  with  the  line  of  centers  of  cylinders  and  angle  x/2  with  their 
axes.  The  coordinate  system  Oxyz  is  introduced  so  that  axis  Oz 
coincides  with  axis  of  one  of  the  pairs  of  rollers,  and  axis  Ox  is 
directed  along  the  center  line.  Cylinders  are  numbered:  S*0, 

N,  moreover  index  s«0  is  ascribed  to  the  pair  of  rollers  with 
which  is  connected  the  coordinate  system  Oxyz.  Furthermore,  are 
introduced  local  coordinate  systems  0^,y,z„  s  =  0,  ±1,  connected 
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with  the  appropriate  pair  of  coaxial  rollers.  Distance  between 

centers  of  pairs  of  rollers  is  equal  to  *,  «'==  0,  ±1,...  +-N, 

radii  of  jackets  are  designated  through  a.,  and  radii  of  the  internal 

cylinders  through  »  =  0,  ^i,  ...-j-jv.  If  we  designate  now  the  field, 

external  with  respect  to  the  cylinders  of  lattice,  through  (I),  the 

field,  included  between  the  surfaces  of  each  pair  of  coaxial  rollers, 

through  (II),  and  the  field,  determined  by  all  internal  cylinders  of 

lattice,  through  (III),  then  for  finding  the  component  H,  of  vector 

H  of  secondary  field  in  each  of  the  fields  indicated  we  will  arrive 

at  two-dimensional  problem  of  the  mathematical  theory  of  diffraction, 

which  consists  of  the  determination  of  the  solution  of  equation 
//i*'  =  0,  j  ==  I,  II.  in. 

A  where 


Af  = 


I 
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Here,  furthermore,  function  fl'J”  must  satisfy  radiation  conditions  at 
infinity.  This  problem  is  solved  in  the  polar  coordinates,  in  which 
the  unknown  functions  are  represented  in  the  form  of  infinite  series 
according  to  their  own  wave  functions  of  circular  cylinder, 
registered  in  the  local  coordinates: 

H  OO 

It"  00  ru»— 00 

—  S  “n**/*!  (A|p«)  «*"**,  *  =  0,  ±  1,  .  ,  ,  ±  AT. 


Unknown  coefficients  yW,  4"  and  u<,*>  are  found  from  the  boundary 
conditions,  which  bring  as  a  result  to  by  the  infinite  systems  of 
linear  equations  for  them.  To  these  systems  it  is  not  possible  to  use 
soundly  any  of  the  known  methods  of  their  solution.  However,  after 
replacement 


yi”  -  (V.)  sj.”  =^./n  (W)  4",  «4*’  =  (*A)  ^OT 

new  unknowns  Xl.*’,  y»’,  2«’,  t^n’  are  obtained  the  infinite  systems, 

solved  with  the  method  of  truncation  when  >  o,  +  a,-,  s  t  *■;  s,  s'*0, 

+-1,  ...+-N,  |s-s'}"l.  In  this  case  it  proves  to  be  that 


■  s 


2 

fl"'— 00 
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00 


E**fO,  0,  £?>,  H, 


Similarly  is  solved  problem,  also,  for  the  case  when 

=  {in,  in,  0}. 
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Is  examined  the  case  of  two  pairs  of  coaxial  rollers,  for  which 
are  given  examples  of  the  numerical  solution  of  task  by  strict 
formulas  for  some  particular  values  of  parameters 

b,=h.  k,a>2.5;  3',  4,  ki»1.6  kj).  For  the  case  of 

2N+1  pairs  of  coaxial  rollers  from  strict  formulas  are  derived  the 
approximate  formulas,  which  fall  the  possibility  to  investigate 
solution  with  some  assumptions  (min 

=  a.  b,  —  b,  s,s'=  0,  ^1,  ...+iV,  s  ^  s';  k  ,a  <%  1  etc. )  . 
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Diffraction  of  electromagnetic  waves  on  two  coaxial  disks. 

Ye.  A.  Ivanov. 

Report  is  devoted  to  a  strict  solution  of  the  problem  about  the 
diffraction  of  the  field  of  magnetic  dipole  on  two  coaxial  infinitely 
thin  and  ideally  conducting  disks,  arranged/located  in  a  vacuum  at  a 
distance  of  1  from  each  other,  on  the  assumption  that  in  the  general 
case  radii  of  disks  are  different  and  that  the  direction  of 
moment/torque  m  of  the  dipole,  arranged/located  at  any  point  on  the 
axis  of  disks  (including  in  center  of  one  of  them),  forms  arbitrary 
angle  a  with  the  axis  of  disks.  In  view  of  the  linearity  of  task 
after  resolving  of  vector  m  into  two  components  of  vector  m  =  mr--inB. 
where  mr  — msino,  and  ni»  =  mcosa,  general  problem  is  reduced  two 
quotients:  a)  to  the  task  about  diffraction  of  the  field  of  vertical 
magnetic  dipole  on  two  coaxial  disks  and  b)  to  the  task  about  the 
diffraction  of  horizontal  magnetic  dipole  on  two  coaxial  disks. 
Problem  a)  is  solved  in  the  coordinates  of  flattened  spheroid  5.  n.  <p. 
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in  which  E  =  {O.  o, /i',},  H=  {y4, //,,  Oj,  where  H\  and are  expressed  as  £, 
from  equation  rot  B-ikH  and  where  E,  =  Here  Eif' ~  known 

component  of  the  primary  field  of  dipole,  and  E'V  -  sought  component 
of  vector  B  of  secondary  field.  is  sought  as  the  solution  of  the 
wave  equation  of  Helmholtz,  which  satisfies  condition  E*,*' 4- =  0  on 
the  surface  of  each  disk  and  condition  for  radiatibn/emission  at 
infinity,  moreover  it  is  assumed  that  where  E,  is 

represented  by  infinite  series  according  to  its  own  wave  spheroidal 
functions,  registered  in  the  local  coordinates  of  the  s  spheroid, 
S-+-1.  For  the  unknown  coefficients  of  expansions  from  the  boundary 
conditions  is  obtained  the  infinite  system  of  linear  equations,  which 
after  the  replacement  of  previous  unknown  coefficients  to  the  new 
ones  in  some  formulas  becomes  quasi-regular,  solved  the  method  of 
truncation.  Task  b)  is  more  complicated.  Its  solution  is  found  with 
the  help  of  Hertz's  magnetic  vector  n  by  formulas 
E=i7crotn,  B  (trad  divn4- (temporary/time  dependence  is  considered 
assigned  factor  by  generalizing  the  method,  used  by  M.  G. 

Belkina  in  the  task  about  the  diffraction  of  the  field  of  horizontal 
magnetic  dipole  on  one  disk  (Coll.  Diffraction  of  electromagnetic 
waves  on  some  bodies  of  revolution.  M.,  Sov.  radio,  1957}  and  in  the 
solved  by  us  earlier  task  about  the  diffraction  of  the  field  of 
horizontal  magnetic  dipole  on  two  disks  of  equal  radii  (Zh. of  the 
comp.  math,  and  math,  physics,  3,  No  2,  1963;  Coll.  "Numerical 
methods  of  solving  the  differential  and  integral  equations  and 
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quadrature  formulas".  M. ,  publishing  house  "Science”,  1964)  in  the 
case  of  two  coaxial  disks  of  different  radii.  As  in  the  recently 
indicated  works,  problem  is  solved  first  in  the  cylindrical 
coordinates  in  which  it  is  possible  to  divide  boundary  conditions  for 
unknown  potential  functions  o  and  'F  on  the  surface  of  each  disk 
(here  <I»  =  =  nSt^  +  ni®,  n,=in?'='Fcos«p.n„  =  0,  where 

IT'*' ={(I)t=l«B|cosaie***/i?, 0, 0}  -  vector  of  Hertz  of  primary  field,  dipole, 

and  U‘*'={n«>, 0, n<«}- -  vector  of  Hertz  of  secondary  field),  and  then  in 
the  coordinates  of  flattened  spheroid,  in  which  <I>,  and  4^  are  sought 
as  the  solutions  of  the  equations  of  Helmholtz,  which  satisfy  on  the 
surface  of  disks  conditions  —  C,a,n„  'F=»C,a*V'  1— tg,  »  =±1  and 
condition  for  radiation/emission  at  infinity.  In  the  case  when  dipole 
does  not  lie/rest  on  surface  of  one  of  the  disks,  for  determining  the 
unknown  integration  constants  C,  is  used  only  the  condition  of 
Mayksner,  which  is  reduced  to  the  requirement  of  turning  into  zero 
radial  component  of  the  vector  of  the  density  of  induced  currents  on 
the  edges/fins  of  disks. 

Page  129. 

In  the  case  when  dipole  proves  to  be  arranged/located  in  center  of 
one  of  the  disks,  for  determination  C,  it  is  used,  furthermore, 
reciprocity  theorem  for  two  magnetic  dipoles.  Functions  and  'V  are 
sought  in  the  form  of  infinite  series  according  to  their  own 
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spheroidal  wave  functions,  registered  in  the  local  coordinates  of  the 
s  disk,  for  unknown  coefficients  of  which  from  the  boundary 
conditions  are  obtained  the  infinite  systems  of  linear  equations.  To 
these  systems  it  is  not  possible  to  use  the  soundly  known  methods  of 
solving  the  infinite  systems;  however,  after  the  replacement  of 
previous  unknowns  to  the  new  ones  according  to  some  formulas  for  the 
latter  are  obtained  the  systems,  solved  with  truncation. 

Is  investigated  a  question  about  the  possibility  of  using  the 
obtained  formulas  for  the  niimerical  calculation  on  them,  in 
particular,  it  shows  that  for  the  sufficiently  wide  range  of 
parameter  c,»A(i„a,  -  a  radius  of  the  s  disk,  s*-**-!,  the  n\ifflerical 
results  always  can  be  obtained  when  As  the  illustration  of 

method  are  given  examples  of  the  nmerical  solution  of  task  for  c«l; 

2  and  different  kl.  For  kl»l  (wavelength  is  considerably  lower  than 
the  distance  between  the  disks)  are  obtained  from  strict  solutions 
the  approximation  formulas,  convenient  for  the  research  and  the 
numerical  calculation. 
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Diffraction  of  plane  wave  on  double  lattice,  comprised  of  thin  bands 
(fiblique  incidence). 

G.  Sh.  Kevanishvili . 

Let  us  assxune  that  plane  electromagnetic  wave 

_  ^kx  cot  »*ikv  •In  • 

falls  on  the  periodic  structure,  formed  of  two  foil  lattices  each  of 
which  is  comprised  of  the  infinitely  long  ideally  conducting  thin 
bands.  Let  us  assume  also  that  the  lattices  occupy  in  the  space  such 
position,  that  the  bands  of  one  lattice  are  arranged/located 
accurately  against  the  openings/apertures  between  the  bands  of 
another  lattice.  The  distance  between  the  lattices  let  us  designate 
through  h  and  let  d  -  period  of  lattice,  a  -  bandwidth.  Vector  E  is 
parallel  to  the  edge  of  band. 

The  electric  intensity  of  the  scattered  from  the  double  lattice 

indicated  wave  takes  the  following  form: 

00 

2  f  ('») «**•  *’ ,  (1) 


F{m) 


«ln  (na<f~'m) _ 

[m  +  D  sin  »)  V(m  — sin  e)«  —  O* 


^ 


(A,  =  2n/d,  D  =-  d/X). 


where 
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3/f 


In  formula  (1)  k»2»/X,  X  -  wavelength;  A  is  determined  from  the 
following  relationship/ratio: 

4;i’sin  r ^  sitt  ol  /  sin  6 

A  =  - fr- - L-f - iL _  fOv 

r  oo  7;  • 

Page  130. 


Here 


Fi  (m)  = 


Ft  (ffi)  = 


,  _  _ sin^  (m  ~  D  ..in  >)) 

(m  ~  O  sin  »)*  y{m—  D  .sin  9)*  —  D* 

sill*  (.•Ml/"*  (»i  '■  It  sin  d))  *  i"t-0  tin 

(ni  i-DsinO)*  |^(m—  oTinO)*  —  i)* 


If  in  (1)  we  complete  passage  to  the  limit  with  we  will  obtain 

the  value  of  stray  field  in  the  far  zone.  Assuming  that  1  -  Dsin8>l, 
i.e.,  D<l/l+sin8,  we  will  have 

.  { ka  ,  \ 

I  3*"  I  -S"  sm  d  : 

F  tr^  \  «  — .  ■  y  _  J  / 1  _L  p-aiIrA  COS  •“»«£>  sin  cm  l♦fil’vs(D  • 

2ji>  iO*  sine  cose  '*  •  ® 

The  expression,  which  stands  in  the  curly  brace,  is  the  coefficient 
of  reflection  of  electromagnetic  waves  from  the  double  lattice.  Let 
us  designate  it  through  R,  then,  taking  into  account  (2),  after 


simple  transformations  we  obtain 


7f-_ 


/>»  cose  sin*  e 
Jsin*^-:?'  sinej 


1^1  — ti{^*Aco8  0-f  ^sin  ejj  Y  itum) 


,  (3) 


where 


In  the  case  of  normal  incidence  and  when  2nXd'>)^i  —  D*>2,5  formula  (3) 
takes  simpler  form;  in  this  case  for  the  modulus/module  of  reflection 
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coefficient  it  is  obtained 


where 


'  = — ■ 

'  ‘  V<i  —  a  tg  fcfcy  +  ’ 


^  _  D  [  d  \*  gin*  {xnad-') 

\  o  j  ■“  Ym*  —  V-  ’ 


(4) 


The  analysis  of  formula  (4)  with  D*«0.5  and  a/d»0.25  shows  that  the 
maximum  value  of  reflection  coefficient  is  realized  at  the  following 
two  values  of  the  distance  between  the  lattices:  h«1.15X  and  h-1.6X. 
The  reflection  of  the  wave  incident  to  the  double  lattice  is  absent 
with  h-1.25X  and  h-1.72X. 


li 
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Diffraction  of  plane  wave,  which  passed  through  the  heterogeneous 
layer,  on  a  periodically  uneven  surface  of  arbitrary  form. 

Yu.  P.  Lysanov. 

Is  examined  the  task  about  the  diffraction  of  the  plane  harmonic 
wave,  which  falls  at  arbitrary  angle  from  the  uniform  half-space  z>H 
to  the  heterogeneous  layer,  limited  by  surfaces  of  z>H  and  2>$(x,  y) , 
where  i(x,  y)  -  periodic  function  x  and  y  (j:(x,  y)<0).  No  limitations 
on  the  parameters  of  uneven  surface  (height/altitude, 
three-dimensional/space  periods)  are  superimposed.  Sole  assumption 
lies  in  the  fact  that  the  function  $(x,  y)  is  considered 
piecewise-differentiated  on  x  and  y.  The  heterogeneous  properties  of 
medium  in  the  layer  S(x,  y)<z4:H  are  characterized  by  refractive  index 
m(z),  that  are  the  function  only  of  vertical  coordinate. 

Page  131. 

Coiq)lete  field  in  region  z>H  is  sought  in  the  form 

-f.  f  (1) 

where  the  first  term  presents  the  incident  wave,  rest  -  diffracted 
field,  which  consists  of  mirror  reflected  wave  (n«m«0)  and  diffracted 
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waves  of  the  highest  niombers.  Here  (o,,  /J,,  7,)  -  the  components  of 
the  wave  vector  of  the  incident  wave  along  the  coordinate  axes,  that 
satisfy  condition  a* ,+7* , ,«k* , ,  where  k.-w/C,  -  wave  number  in 
the  homogeneous  medium; 

<*n=  P"»  “  ?8't'  Tw"  ~  ^  ^ —  (*»  "i"  Pm)» 

lniynm>0  with  lmk,>0;  qi-2*'/L,;  q,«2»/L,;  Lj  and  L,  - 
three-dimensional/space  periods  of  uneven  surface  along  the  axes  x 
and  y  respectively. 

The  unknown  amplitudes  of  diffracted  waves  Anm  are  represented 
in  the  form  of  definite  integrals  of  complete  field  ?  and  its  normal 
derivative  ^  (v  -  internal  normal  to  the  uneven  surface)  on  the 
uneven  surface. 


with  the  help  of  Gauss-Ostrogradskiy 's  formula  is  obtained 
integral  equation  for  complete  field  ^  and  his  normal  derivative 
on  the  uneven  surface: 


{tilt 
0 


e-iw/ 


n  »  m  =>  0, 

« 

fi  ^  0,  nt  ^  0 


(2) 
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F'^(z)  and  F'*i{z)  -  two  linearly  independent  solutions  of  the  equation 

+  Iky  (z)  -(ai-r  A.)  I  f  nm  =  0.  (3) 

Integral  equation  (2)  is  the  generalization  of  the  equation, 
obtained  by  R.  G.  Barantsev,  to  the  case  when  uneven  surface  limits 
heterogeneous  layer. 

The  structure  of  integrand  in  (2)  is  such,  that  is  possible  the 
examination  of  the  case  when  boundary  condition  is  assigned  in  the 
form  of  linear  combination  ^  and  ^ 

av  • 

In  the  particular  case  of  the  absolutely  pliable  surface  when 
S(x,  y))*0,  the  first  term  under  the  integral  in  (2)  vanishes. 

Page  132. 


Transforming  the  function 


A.\ 


I  »,  /  =-cc 


it  is  obtained  for  determining  the  coefficients  B^'  the  following 


infinite  system  of  the  linear  algebraic  equations 
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■f n  =  =  0; 

*, 30  I  0  n  jt  0,  m  i  rt, 


(5) 


=  \  f  ,x.  v)«‘ ''didy.  (6) 


0  0 
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Diffraction  of  electromagnetic  wave  on  a  lattice,  comprised  of  thin 
rectangular  plates  (dblique  incidence). 

G.  Sh.  Kevanishvili . 


Let  the  flat/plane  periodic  structure  be  comprised  of  the  thin 
ideally  conducting  right-angled  plates  with  the  transverse 
sizes/dimensions  2a  and  2b;  let  us  allow  also  that  the  period  of 
structure  in  both  directions  is  identical  and  equal  to  d. 


If  to  this  system  at  angle  6  falls  the  plane  wave 

(A--2a/A.), 

then  diffraction  field  will  take  the  following  form: 


2  S  <I>  (n.  n».  0)  «**•  »*"  »>  (1) 


where 


m— — OB*— o 


-*/_  _  ax  _  sin  (*ia  (« -f- D  Jin  6)1  (sin  (kia  (m  —  D)J  ,  sin  (w  +  D)] 

»»,»)-  n  +  Psina  \  2{m  —  D)  "i"  2 (rn  +  P) 

_  cos  *6  sin  (*it>n)l  _ (ps— w«) _ . 

"•  J  /*•  +  («— Psin  6)’  — b*  ’ 

Jij  =•  n  —  D  sin  9 ,  I'l  =  2n/d,  D  =  dl\. 

Value  Jo,  which  is  the  amplitiide  of  the  density  of  surface  current  on 
the  plate,  takes  this  form: 

sin  {ka  sia  5in  9 

/o  PO  00  -  -  _  ^ 

2  2  (n,  m,  9)  r  {n,  m,  0) 


(2) 
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where 


t>hm 
Page  133. 


F(n,  m,  0) 


sin  (kiiiin)  sill  (<i  P  sin  0)1 

m  .-^sin9)  • 

ti„  =  llOn  on. 


Formula  (1)  makes  it  possible  to  determine i^ the  value  of  stray  field 
in  the  distant  zone  (i.e.,  with  x-*«) ,  thus,  for  instance,  with  D<1 
easily  we  find 

£  (oo)  =  1<I>  (0, 0,  ft)/iD  ci>s0|  e-'*'*  ‘i"  *. 

Whence  taking  into  account  (2)  for  the  reflection  coefficient  we 
obtain 


*W»  (0,  0.  0)  sin  (ka  sin  0)/sin  0 

00  00~ 

iD  cos  9  2  2  <®  (»,  m.  9)  (n,  m,  0) 


rt  a*»00  fW  »  OO 


Let  us  consider  the  special  case:  a/dai.*/z,  then  formula  (3) 
substantially  is  simplified  and  takes  this  form: 

Eiffel”, 

Now  let  us  asswie  that  in  (1)  d/X-D>l,  then  it  is  possible  to  find 
such  numbers  N  and  M,  that  only  for  them  M*+(N-Dsin0) *-D*>0  and  with 
the  value  of  field  takes  this  form: 


£  (oo)  =»  —  S  S  <I*i  (w.  «)  m+f  »in  •)  w, 


where 


«— iVm-- W 


<I>,  (/I,  m)  =  iD  (n,  m,  0)  ("-» tin  -m« 


The  terms  of  doidsle  series  are  the  diffraction  fields  of  higher 
orders,  which  extend  at  the  angle 
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On,  m  ==  an:  cos  Kl  —  {nID sin  6)*  —  (miD)* 
to  external  normal  to  the  surface  of  plate. 

If  we  observe  the  strong  inequality  D*cos*d»l,  then  after  the 
first  interference  correction  the  value  of  reflection  coefficient 
will  take  this  form: 

R  - - 0)  ^ 

where  A  =  <I»  (0, 1,  e)/®  (0,  0, 8). 

In  the  particular  case  when  a/d — V,,  D*4,  b/d»V«,  formula  (4) 
substantially  is  simplified  and  takes  the  form 

n  _  COS  (2«sill_0) _ 

~  .  ..  sin*  6  cos  (2n  sin  0)  ’ 

‘  ~  _i.  4  sin  0)1  sin  ,2^  sjn  0) 

The  analysis  of  this  formula  shows  that  at  P*14*30'  and  8=30® 
reflection  coefficient  is  converted  in  these  zero,  therefore,  angles 
correspond  to  the  angles  of  complete  refraction  at  which  the  lattice 
becomes  transparent  for  the  electromagnetic  waves. 
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Diffraction  of  electromagnetic  waves  on  space  lattice. 


G.  Sh.  Kevanishvili . 


If  electromagnetic  wave  E  =  e**'  normally  falls  on  the  space 
lattice  in  nodes/units  of  which  are  arranged/located  passive 
electrical  radiators/resonators/elements  with  the  final  conductivity 
o,  then  the  electric  intensity  of  the  wave  scattered  from  the  lattice 
will  take  this  form: 


E 


k>Jn 


.V-l 

S' 


:0  jO  /J  — » 


where  N  -  number  of  lattices  in  the  direction  of  axis  x;  I,  - 
amplitude  of  the  density  of  surface  current  along  the 
radiator/resonator/element,  moreover  vector  I,  is  directed  in 
parallel  to  z  axis; 


1  - 
the 
X  - 


Fi  i/i,  I,  D) 


siu  (7  —  D)]  sin  [zj*  <7  -f 


.,-0 


g  +  D 


Fi  (v,  p,  7,  z)  =  ( I  —  . 


r>  COS  kl  sin 

7 

Y  pi  ZTd*  ’ 


half length  of  radiator/resonator/element;  h  -  distance  between 
lattices  along  x  axis;  d  -  the  same  in  directions  y  and  z;  D>d/X; 
wavelength;  k»2»/X. 


DCX:  =  82036009 


PAGE 


The  value  of  current  density  I,  is  given  by  the  formula 


2lE, 


.  (2) 


.-iV  V  g  f.  (g,  1.  O)  (V.  g.  p.  a  +  h)  -f  iVf  (kl) 

Here  F  (kl)  =  (sin  kl  —  A;/  cos  A/).  A  =  liv,<i/i8rt*,  =  120«  ( ohm)  ,  W-  [  1  +  i  )  /2ira  ] 
VMw/2a ,  moreover  a  and  u  a  radius  and  magnetic  permeability  of 
radiator/resonator/element,  u  -  angular  field  frequency. 


If  we  in  expression  (1)  complete  passage  to  the  limit,  we  will 
obtain  the  value  of  field  in  the  distant  zone 

£  (oo)  =  run  £  - - (  S  )  e-'**. 

«-Kici  on  i/  \  ^  / 

(Z)<1) 

The  value  of  reflection  coefficient  can  be  determined  from  the 


relationship/ratio 


R  as  Mm  Ef Ex, 


consequently,  taking  into  account  (2)  we  obtain 


N-l 


(*v/i«»*b)/’(0.t,  b)  2  e-Ui"X-h 


£  =s  - 5 


'*  s'  2  S  fx(9,i.D)Fx(y.p,,,»  +  h)«B.S;iS}£±  +  WF(kl) 

In  special  cases,  namely,  with  D«l,  h/d>l  and  1/d — V,,  latter/last 
formula  substantially  is  simplified  and  takes  the  form 

^  .  infDWF  (kl)  /  (A.  N)  * 

1  —  i2b/  (A,  (V)  loT - i,  b)d 

/  (A.  A-)  -  «<*»  T  -  1  -  . 
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We  give  below  the  values  of  reflection  coefficients  under  the  varied 
conditions: 


1.  N*l,  W»0  (radiators/resonators/elements  possess  ideal 
conductivity). 


‘  V  i  -f  40*  In*  (1  —  ' 

2.  iV  =  2.  fV=  0. 

|/?l  = 


1 


3.  .V  =  3,  (y  0, 
If? 


y"  (1  -r  D  lu  Tr-  tg  *h)‘  +  In' T  ’ 


1 


1 /^/  _  ainkhcoskh\i  _ ,  /sin*  */»  —  coe* M\*  * 

V  ■z-TT^n^kTl 


where  Dt«Dln7; 


4.  JV 

1^1 


4.  = 

FT 


0. 

1 


sin  M  (3  —  4  sin*  kh) 

is  .  r^>i  3— 4 cos***  1* 

2 

cos  kh  (cos*  W»  —  sin*  kh 

J  2  cos*  kh  —  sin*  WiJ 

5.  iV  =  1,  fr=ifei  O; 


6.  AT  =.2,  0, 

I/? 


(7?,'  =  --==L==r, 

B  =  (V,4n*)FiW2a; 

1 


[(*  +  "t)  +  (^  *“  T  -  x)  ** j*  +  [(^ '“  T -  x)  +  -f- **]* 


The  formulas  given  above  for  the  modulus/module  of  reflection 
coefficient  easily  undergo  detailed  analysis. 
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Wave  diffraction  on  discrete  periodic  lattice. 

I.  A.  Urusovskiy. 

Is  examined  two-dimensional  problem  of  diffraction  of  harmonic 
acoustic  and  electromagnetic  waves  on  the  arbitrary  periodic  lattice, 
which  consists  of  the  separate  elements/cells.  Cascade  profile  r  is 
described  by  the  equations 

X  (/),  z  =  ,_(/),  (1) 

moreover  {(l+D)»d+|(l),  ^ (l-*-D)*J{l).  Here  x,  z  -  Cartesian 
coordinates,  and  1  -  arc  length,  calculated  lengthwise  r  to  current 
point,  d  -  the  period  of  translation  along  the  axis  x,  D  -  the 
complete  arc  length  of  the  duct/contour  of  one  element/cell.  With 
-D/2$l-sD«D/2  equations  (1)  describe  the  duct/contour  of  the  s 
element/cell  of  lattice.  It  is  assumed  that  the  ducts/contours  of 
adjacent  elements/cells  do  not  intersect. 


In  particular,  for  the  case  of  the  acoustically  absolutely  soft 
or  absolutely  conducting  lattice  the  task  about  the  determination  of 
respectively  acoustic  or  components  along  y  axis  of  electric  field  is 
placed  thus. 


4 
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With  assigned  function  pAx,  z)  (field  in  the  incident  wave)  to 
find  continuous  and  limited  in  region  G  +r(^'  -  the  external  with 
respect  to  the  elements/cells  of  lattice  region  of  space)  function 
Pr(x,  z)  (diffracted  wave),  which  satisfies  in  G  region  to  the  equation 
of  Helmholtz  (A  +  l")Pr('^. z)=  0.  where  k  -  wave  number,  lmk*>0,  to 
boundary  condition  Pr+Pi^O  on  1’,  on  also  to  the  normal  conditions, 
which  require  the  absence  of  sources  of  field  in  the  salient  points 
r.  if  the  same  are,  and  at  infinity. 

Page  136. 

The  method  of  solution  is  based  on  what  the  kernel  of  integral 
equation  to  solution  of  which  is  reduced  the  task,  that  is  the 
function  of  two  variable/alternating,  with  the  fixed/recorded 
difference  in  these  variable/alternating  is  periodical  in  one  of 
them.  This  makes  it  possible  to  reduce  the  solution  of  equation  to 
the  solution  of  the  system  of  algebraic  equations,  which  can  be  found 
with  the  method  of  reduction.  Let  us  give  here  the  diagram  of  the 
determination  of  the  solution  of  problem. 

The  diffracted  field  is  represented  as  expansion  in  terms  of  the 
quasi -plane  waves 

p,  (X.  Z)  =  5^  [  ^  + 

— »  r» 

+  e‘ 2  id;  (-  X.)  -  A’;  (Z,  -  xO)  <r>  («?  -  hji)|  ~  dx..  (2) 
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Here  q  =  2aJD,  Ji  =  i/D,  (u)  --2^0  (u+n?)  {u+nq)/a^  (u  +  nq), 

n 

00 

n(u)=  \ 

«oo 

function  X„(u)  >  the  solution  of  the  algebraic  system 

S  *n-m  («  —  nq)  Xm  (»)  = 

tn 

where  A,  =  1,  =  0,  6„(u)  =  a„(u)/a,(u), 

D/t  o» 

a«(«)  ^ 

~pD/»  -4o 

r  -  KTl  (T + *’)  - 1  (0)*  +  It  (T  +  Q  - ;  (01*. 

D/t 

Ei  {Z,  x.)  =  -J-  j  e‘ {«*  ts  (O-nil  »,C 


-b/t 

Xi  =rV’**  — X*;  R«,  Im  x,  >  0. 


With  Z^max  S(X)  and  with  Z$min  5(1)  (2)  it  is  reduced  respectively  to 
the  expressions 

Pr{X,Z)--L  ^  «‘<"»-W)2Z):{-x,)a>(xg-x^)^dx. 

—00  n  * 

and 

00 

Pr{X,Z)^^  ]  e*  2 

n 

by  that  presenting  the  superposition  of  the  plane  waves,  which  exit 
from  the  lattice  or  which  slide  along  it. 
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In  the  case  of  the  incident  plane  wave  of  form  ~  ®*P  —  Ajz)l, 

Pr  (X,  Z)  =  3  [A:„  iZ)e'  (*?x**r2 )  4.  (2)e*{*.Tj-*rz ),, 

m 

where  *«  =  +  m  (2n/d), 

-ir  S  (**)  ^  (2,  -  k7), 

n 

^  S  «^m-n  (/4)  IDI  {-  C)  -  (Z.  -  )1, 

but  functions  (k!)  are  the  solution  of  the  algebraic  system 

S  «n_m  (-  fCii)  rm  (A5)  =  -  2Dl  (A^). 
m 

With  Z^max  $(1)  and  do  not  depend  on  Z: 

(-*?).  ^;  =  0  ip«  Z>mmx:(l)i 

ri 


Of  • 

Key:  (1).  when. 


^2  I’m-,  (A«)f>;(-^)  tif*  Z<iain  C(0. 


The  proposed  theory  is  valid  in  the  case  when  the  elements/cells 
of  lattice  close  border  on  each  other,  forming  the  uneven  surface 
whose  profile/airfoil  here  is  conveniently  taken  as  r. 


Are  investigated  the  properties  of  solution  and  are  examined 
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some  special  cases. 

The  obtained  results  directly  are  transferred  to  the  case  of 
layered  inhomogeneous  medium  with  the  refractive  index,  which  depends 
on  z.  For  this  function  H",  (kr)  should  be  replaced  Green's  function 
of  the  corresponding  inhomogeneous  medium. 


DOC  -  82036009 


PAGE 


8.  Inverse  problems. 

Synthesis  of  antenna  with  flat  aperture. 

Ye.  G.  Zelkin. 

The  task  of  the  synthesis  of  antenna  with  the  flat/plane 
aperture  can  be  formulated  thus:  it  is  necessary  to  determine  the  law 
of  field  distribution  according  to  antenna  aperture  and  the  form  of 
aperture,  which  will  ensure  obtaining  the  assigned  field  B  in  the 
distant  zone,  polarized  according  to  any  assigned  law. 

Recently  both  in  the  Soviet  and  in  the  foreign  press  appeared  a 
large  quantity  of  articles,  dedicated  to  the  solution  of  this 
problem.  Let  us  pause  at  the  general/common/total  results,  obtained 
during  the  development  of  the  theory  of  the  synthesis  of  antenna  with 
the  flat/plane  aperture. 

Page  138. 


i 

i 


4 


As  is  known,  field  in  distant  zone  E(q.  >{>).  created  by  antenna 
with  the  flat/plane  aperture,  it  is  possible  to  represent  in  the  form 
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where 


’'---is;  ■Vi'"!"’*"- 


Fe'"  '•  I "'U’*' !/’>''  '•!  dS,  p=  u  —  ii< 


-  tangential  field  component  in  antenna  aperture,  S  -  the  surface  of 
aperture,  ir,  o,  -  unit  vector  and  the  quardants  of  direction  to 
observation  point,  n  -  the  unit  vector  of  normal  to  the  aperture,  x, 
y  -  the  coordinate  of  the  point  of  aperture.  (Expression  (1)  it  is 
obtained  from  the  formula  of  Huygens-Kirchhoff *s  type  for  the  field 
in  the  distant  zone.  In  this  case  the  antenna  was  certain  ideally 
conducting  surface  with  flat/plane  radiating  aperture.  Formula 
approximated,  since  during  her  conclusion/output  it  was  assumed  that 
the  tangential  components  of  both  electrical  and  magnetic  of  vectors 
on  the  metallic  surface  were  equal  to  zero.  However,  it  gives 
sufficiently  good  approximation/ approach  for  large-size  apertures, 
i.e.,  for  comparatively  pencil-beam  antennas.). 


Expression  in  the  brackets  is  the  radiation  pattern  of 
flat/plane  aperture.  Let  us  designate  it  through  D. 


The  vector  function  0  is  assigned,  the  unknown  function  is  P. 


By  introduction  to  the  distant  zone  of  the  coordinate  system 
with  unit  vectors  qx,  q*  and  q^  [1],  following  formulas  connected 
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with  the  unit  vectors  of  spherical  coordinates  in,  U,  U  b\| 
•?CC  r<vu.l  as 

q,  =  cos\|)i*  —  sin  q,  =  sintfiU  +  cos  ^4,  q,  =  ijj, 
equation  (1)  is  reduced  to  the  form 

D  =  (1  4-  cos  0 )  (iV,qi  +  Nyq^),  (3) 


where 


•  <«  ooi  ftlQ 

5 

iVy  =  FyC**  >*n  •  (*  cos 

s 


Equations  (4)  been  independent.  Solving  each  of  them,  let  us 
find  F»  and  Fy  -  field  component  in  the  aperture  and  the  form  of 
aperture.  Thus,  we  reduced  the  problem  of  the  synthesis  of  flat 
antenna  with  the  arbitrary  polarization  of  radiation/emission  to  the 
independent  even  simpler  tasks  of  the  synthesis  of  two  flat/plane 
systems  with  the  plane-polarized  fields. 


Let  us  designate  a  »  y  sin  6  cos  &  sin  0  sin  iV(0, 

-  R  (o,  »),  2nlF  (X,  y)  =  /  (ji,  »). 


Then  each  of  equations  (4)  can  be  represented  in  the  form 


.  "  Vl«l) 

'  '  KlV) 


where  yi(ii)  and  yt{u)  the  curves,  which  limit  aperture. 


In  this  case  solution  for  component  /<  we  will  obtain  [1]  in  the 


fom 


DOC  -  82036009 


PAGE 


Antenna  aperture  coincides  with  the  region,  limited  by  curves 
Yiiu)  and  Jiin),  which  are  determined  from  the  formulas 

ii 

,,  ln|iJ(>i.  re  *)|  ..  i-_  la  1 B (l». *)l.  r-rx 

y,  (n)  =»  lim  -  ■; - —  •  V*  (l*)  =»  hm - - -  (7) 


In  work  [1]  it  is  shown  that  so  that  there  would  be  the  exact 
solution  of  the  task  of  the  synthesis  of  flat/plane  aperture,  it  is 
necessary  that  the  components  N,  and  Ny  in  the  function  of  the 
variable/alternating  u  and  v  would  belong  to  class  Wy  on  each  of  the 
variable/alternating  u  and  v. 


The  solution  of  equations  (4)  can  be  also  obtained,  using,  as 
this  is  shown  in  [2],  by  the  theorem  of  Plancherel  and  Poy,  for  the 
case  of  two  variable/alternating.  In  this  case 

/,  (p.  y)  =«  (“. »)  ***. 

— oo 
00 

fy  (!».  y)  =  55  duii;. 
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The  form  of  aperture  is  determined  P  -  by  indicator  of  function 
and  Ab¬ 


solution  (4)  can  be  represented  in  the  form  of  the  series/rov 


where  yj,  y,  and  B  are  determined  from  formulas  (6)  and  (7). 


Somewhat  in  more  detail  in  the  literature  are  examined  the  tasks 
of  the  synthesis  of  antenna  with  the  circular  aperture. 


In  work  [3l  it  is  proposed  flat/plane  circular  aperture  to 
replace  with  equivalent  linear  antenna.  For  the  circular  aperture 
with  the  axisymmetric  radiation  pattern,  equation  (4)  they  will  take 


the  form 


Since 


that 


4 

A  («)  -»  7^^  r/  (r)  /,  (ur)  dr. 


(8) 


where 


Equation  (9)  is  the  equation  of  line~source  antenna;  the  methods  of 
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its  solution  detailed. 


Page  140. 


Equation  (10)  is  the  integral  equation  of  Abel.  Its  solution  takes 


the  form 


‘  .n  1  J/  t  _  ri  y  I 


Equation  has  a  solution  in  the  only  case,  if  R(u)  the  integral 
function  of  final  degree,  which  satisfies  inequality  ^  |  («)  i*  uiu  <  ap, 

i.e.  R(u)  must  decrease  at  inf inity  Vu”once  more  rapid  than  the 
radiation  pattern  of  linear  emitter. 


The  solution  of  equation  (8)  can  be  still  obtained  with  the  help 
of  the  transformation  of  Hankel 

oo 

I  (r)  -  \^uR  (u)  /«  iur)dtt, 

and  also  in  the  form  of  the  series/row 

“irti 

where  m.i  -  k  root  of  Bessel  function  I^Cx). 


If  the  assigned  diagram  is  function  of  both  of  the 
variable/alternating  U  and 

1 

(r.  f)  (+.»,  jAp  dr, 


then  the  function  of  field  distribution  according  to  aperture  f(r,  e) 
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can  be  determined  according  to  the  formula 

00 

/  ('■t  f)  =  5  5  (“• 

0  0 

or  is  represented  in  the  form  of  Fourier  series 

00 

/(r.<p)=S 

^0 

where 

0  k^=i 

*  -  fi 

fcn(u)  =  i3rS 

0 

Pi.iwi  —  *  -  the  root  of  function  /n+i  (*)• 


A  special  case  of  the  task  of  the  synthesis  of  flat/plane 
aperture  is  the  task  of  the  synthesis  of  the  curvilinear  emitter, 
which  lies  on  the  plane.  If  emitter  has  a  form  of  certain  line 

y»L(x),  then  equations  (4)  can  be  will  be  registered  in  the  form: 

'J* 

iV,  =  ^  f,  (;»•)/ 1  +£,'*(*)  e** <i», 

-'t 

i* 

iV,  «  ^  (X)  K 1  +L’*  (X)  «•*  cn.  *  *  L  (»>  sin  ♦)  rfj. 

-11% 

Page  141. 


These  equations  are  not  independent,  since  in  them  enters  one  and  the 
same  unknown  function  L(x).  Consequently,  functions  Nx  and  cannot 
be  assigned  arbitrarily.  Assuming/setting  ysin9co8i|»  =  u,  y  sin09int|)=r, -^1  «|i, 

^.L{x)^r  Oi),  F  {a)  KH-i'*(o)  -  /  (*).  N  (0.  {n,  v). 
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i. 

I  ' 


it  is  possible  each  of  equations  (11)  to  reduce  to  the  form 

It 

R  v“.  «')  =-  2^  ^  /  (p)  d^L. 

- 

Hence 

oa 

/Oi)  -  \ 
oa 

/  (p)  ^  (p)  -  5  ^ 

«-00 

Solution  exists  only  in  such  a  case,  when: 

1)  A(u,  v)6^<i  separately  on  each  of  the  variable/alternating  u 
and  v; 


2)  R(u,  v)  it  satisfies  the  equation 

00 

■^R  (u,  »)  -  <  5  i4  (tt  -  x)  /?  (X,  p)  (to, 

where  A(x)  -  certain  function  of  class  W,. 


The  condition  of  consistency  of  both  equations  (11)  is  the 
equality 

00 

H,  (u,  p)  •  ^  (?(«*-  *)  (*.  ») 

where 


G{u) 


i  r  f  ,.(!*) 
2«  J  4(1*) 


e"'"'*  dfi. 


With  the  solution  of  the  problem  of  the  synthesis  of  curvilinear 
emitter  it  is  necessary  to  have  assigned  one  of  the  functions  Rx(u,v) 
(or  R^(u,v))  and  the  first  member  of  the  expansion  in  Taylor  series  of 


the  second  function. 
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Determination  of  the  spectrum  of  particles  with  the  help  of  inversion 
of  data  on  the  diffusion  of  light. 

K.  S.  Shifrin,  A.  Ya.  Perel'man. 

1.  Common  survey/ coverage  of  problem.  Formulation  of  the 
complete  and  limited  task. 

2.  Cases  for  which  complete  task  has  analytical  solution: 

a)  method  of  small  angles 

b)  inversion  of  spectral  transmittance 

c)  inversion  of  indicatrices  for  "soft"  particles. 

3.  Determination  of  spectrxim  of  particles  from  method  of  small 


angles  (method  a) 
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Method  the  inversions  of  integral  transparency  and  indicatrix 
for  the  "soft"  particles  (methods  b  and  c)  are  based  on  the 
conversion  of  Mellin.  They  do  not  contain  any  arbitrary  assumptions 
about  the  character  of  the  spectrum  of  particles  and  give  the 
response/ansver  in  general  form«  Is  proposed  simple  network,  are 
given  examples  of  inversion.  Are  evaluated  the  field  of  measurements 
by  wavelengths  (to  scattering  angle)  and  the  accuracy  of  the 
measurements  of  the  transparency  (indicatrix),  necessary  for  the 
reliable  determination  of  the  spectrum  of  particles.  It  is  shown  that 
network  is  stable  with  respect  to  the  well-aimed  measuring  errors  and 
calculations  and  contains  the  moderate  requirements  for  their 


accuracy 
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Analysis  and  synthesis  of  structures  with  variable  surface  impedance. 

A.  F.  Chaplin. 

Structure  with  the  variable/alternating  surface  impedance  is 
used  into  the  antenna  to  technology  as  the  antennas  and  the 
decouplers.  These  structures  usually  are  inscribed  in  the  metallic 
surface  of  the  specific  form.  For  calculating  electromagnetic  field, 
created  by  this  system,  it  is  necessary  to  consider  the 
radiation/ emission  of  the  exciting  source,  the  reflection  effect  of 
impedance  structure,  edge  effects  on  the  boundary  of  impedance 
structure  and  metallic  surface,  and  also  effect  of  metallic  surface. 
This  it  is  possible  to  attain  by  the  method  of  solution  of  the 
electrodynamic  task  about  the  excitation  of  the  ideally  conducting 
surface,  into  which  is  inscribed  the  structure  with  the  surface 
impedance  variable/alternating  along  one  of  the  coordinates.  For  the 
purpose  of  simplification  is  examined  the  two-dimensional  task:  field 
distribution  is  considered  independent  of  the  coordinate,  transverse 
to  the  direction  of  a  change  in  the  impedance.  Is  comprised  the 
integral  equation  of  Fredholm  of  the  second  order  relative  to  the 
functions  of  the  distribution  of  electrical  and  magnetic  currents  on 
the  impedance  structure.  Cases  of  TE  and  TM  waves  are  examined 
separately.  Kernel  of  integral  equation  is  a  product  of  the  function 


i 

I 
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of  the  distribution  of  impedance  to  Green's  function,  which  satisfies 
the  conditions  for  radiation/emission  at  infinity  and  boundary 
conditions  on  the  ideally  conducting  surface.  Using  known  expressions 
for  Green's  two-dimensional  functions,  it  is  possible  to  obtain 
integral  equations  for  the  band  with  the  variable/alternating 
impedance,  which  lies  on  the  ideally  conducting  plane  or  on  the  face 
of  the  ideally  conducting  wedge;  for  the  disk  with  the  impedance 
variable/alternating  for  a  radius,  inscribed  into  the  ideally 
conducting  plane,  for  the  ring  inscribed  into  the  ideally  conducting 
cylinder  with  the  variable/alternating  of  lengthwise  generatrix  by 
impedance,  for  the  segment  of  the  ideally  conducting  sphere,  which 
has  variable/alternating  at  the  meridional  direction  impedance,  etc. 
It  is  established/installed,  that  the  simplest  and  universal  method 
of  solving  such  integral  equations  is  Krylov-  Bogolyubov's  method. 

The  use/application  of  this  method  is  demonstrated  based  on  the 
example  of  the  impedance  band,  inscribed  into  the  ideally  conducting 
plane. 

Page  143. 

Are  generalized  the  results  of  the  analysis  of  this  model  on  the 
basis  of  numerous  calculations  for  different  laws  of  a  change  in  the 
reactive/jet  impedance  across  the  band.  The  obtained  integral 
equations  can  be  used  for  the  synthesis  of  impedance  structures. 
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which  consists  of  the  determination  of  the  lav  of  a  change  in  the 
impedance  in  the  specified  distribution  of  electrical  or  magnetic 
currents.  With  the  solution  of  the  problem  of  the  synthesis  of  real 
systems  it  is  necessary  to  ensure  the  pure/clean  reactivity  of 
surface  impedance.  Satisfaction  of  this  condition  leads  to  the 
redefinition/redetermination  of  the  system  of  real  integral  equations 
relative  to  the  function  of  the  distribution  of  surface  reactance. 
This  redetemined/redef  ined  system  is  solved  by  the  method  of  least 
squares,  as  a  result  of  which  is  found  the  law  of  a  change  in  the 
reactance  along  the  surface,  which  ensures  the  best  root -mean-square 
approximation  to  the  assigned  current  distribution  with  the 
fixed/recorded  outside  currents.  A  more  precise  approximation  of  the 
assigned  current  distribution  is  p>ossible  during  the  proper  selection 
of  outside  currents.  Are  given  the  results  of  calculations  according 
to  the  method  of  synthesis  proposed  for  the  impedance  band,  inscribed 
into  the  ideally  conducting  plane. 
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Wave  dissipation  by  inhomogeneous  plasma. 

Yu.  N.  Dnestrovkiy,  D.  P.  Kostomarov. 

In  the  approximation/ approach  of  geometric  optic/optics  is 
examined  the  task  of  scattering  the  electromagnetic  waves  by 
inhomogeneous  plasma.  Is  placed  the  inverse  problem:  to  determine  the 
distribution  of  plasma  according  to  the  results  of  scattering  at  the 
different  frequencies. 

Task  is  reduced  to  the  integral  equation  of  Volterra  of  the 
first  order.  Are  studied  the  analytical  and  numerical  methods  of 
solving  this  equation. 
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Reduction  of  the  form  of  region  by  the  scattering  amplitude. 

A.  G.  Ramm. 


(marks  they  indicate  the  limiting  values  of  functions  respectively 
from  within,  also,  outside  the  boundary  G); 


where 


u  =  e»i<n. »)  -}-  i;^  n 


h. 

*1  ’ 


(3) 


5  0. 


(4) 


Let  us  determine  scattering  amplitude  by  the  formula 

/  (*i,  B,  V)  =  lim  —  .’,n\x, e-'*-.;’'!  t  (x,  d,  *,).  (5) 

arf 
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Using  methods  of  the  study  of  the  smoothness  of  the  spectral 
fxinction  of  Schroedinger's  operator  of  the  spectral  parameter  and 
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uniqueness  theorems  of  the  theory  of  the  analytic  functions  of  many 
complex  variables,  it  is  possible  to  demonstrate  the  theorem: 

Theorem  1.  If  scattering  amplitude  is  known  for  all  unit  vectors 
n,  V,  with  that  fixed/recorded  k^  and  kj,  that  varies  in  how  it  is 
convenient  to  the  small  vicinity  k^,  then  by  these'  data  form  and 
position  of  the  scattering  region  D  are  uniquely  determined. 

2.  Examining  task  about  scattering  on  potential  of  surface,  it 
is  possible  to  demonstrate  that  scattering  amplitude  uniquely 
determines  potential  and  shape  of  surface. 

3.  During  the  study  of  properties  of  smoothness  of  scattering 
amplitude  on  energy  prove  to  be  useful  following  theorems: 

Theorem  2.  A(p)  -  the  locked  linear  operator  (limitedness  is  not 
predicted),  which  functions  from  and  B,,  where  B^  and  B,  -  banach 
spaces.  Let  A'*(p)  be  determined  and  continuous  on  Ba  with  any 
fixed/recorded  p 6 where  D  -  closed  set  on  the  plane  complex  variable 
p.  The  solution  of  the  equation 

^  (/»)*-/(/')  (®) 

will  be  continuous  from  the  parameter 

{*(p  +  Ap)-x(p)is, - ►O  (7) 

it  is  even  relative  to  f(p),  space  B,  varying  on  the  limited  subset. 
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if 

\U{p  +  ^p)-A(p)\x\B. - ^0  '(8) 

(Art-.* 

it  is  even  relative  to  x,  space  and 

|/0)  +  Ap)-/(p)Jb.— ►O-  (®) 

varying  on  the  limited  subset.  We  assume  that  the  region  of  the 
assignment  of  operator  A  does  not  depend  on  p. 

Theorem  3.  A(p)  -  nonlinear  operator  from  and  Ba,  who  has 
reverse/ inverse,  determined  on  everything  B,  continuous  with 
fixed/recorded  p,  moreover 

where  (a) >0  continuous  function.  If  are  satisfied  conditions  (8), 
(9),  then  occurs  conclusion  (7)  of  theorem  2. 
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The  possibility  of  the  optimization  of  radiation  characteristics  from 
waveguide. 

M.  V.  Persikov,  A.  N.  Sivov,  I.  P.  Komik. 

1.  Is  analyzed  possibility  to  improve  radiation  characteristics 
from  open  end/lead  of  waveguide,  selecting  proper  superposition  of 
waveguide  waves.  Is  examined  flat/plane  waveguide.  Task  is  placed 
thus.  The  open  end/lead  of  the  waveguide  is  approached  N  of  the 
extending  waves,  which  have  cophasal  density  distribution  of  current 
on  the  opposite  plates.  It  is  necessary  to  find  the  amplitude  ratio 
of  these  waves,  which  ensures  the  maximum  radiant  energy  in  the 
preset  angle  26,  referred  to  the  energy,  applied  by  N  by  incident 
waves . 

Page  145. 

This,  obvioiisly,  corresponds  to  optimum  reflection  losses  and  to  the 
radiation/ emission  out  of  the  preset  angle.  It  is  necessary  to  also 
explain  the  behavior  of  optimum  losses  and  radiation  pattern  with  a 
change  in  nximber  M  of  the  waves  considered. 
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2.  In  wave  zone  total  field  is  represented  in  the  form  of 
superposition  of  radiation  fields  of  waves,  which  arrive  to  open 

iV 

end/lead:  »=2“n.  where  u,  =  (r)  On  (<p),  -  amplitude  (complex)  of  n 

n 

wave.  Carrying  expression  for  flow  P  of  energy  in  the  preset  angle  26 
to  input  energy  S,  we  obtain 

.V 

*  '  nm  *  n 

«nm  =  ^  6,  =  And,  A«  =  K**  —  O*. 

^-S 

d>2a  ^  distance  between  the  plates,  k>2x/X.  The  requirement  of  the 
extremal ity  of  relation  (1)  on  phase  ^  and  possibility  with 
sufficiently  large  kd  to  consider  it  of  value  On  real  leads  to  the 
replacement  of  hermitian  quadratic  form  in  numerator  (1)  of  real. 
Mathematical  task  is  reduced  to  the  determination  of  characteristic 
numbers  of  the  regular  beam  of  quadratic  forms,  i.e.,  to  finding 
root  X  of  equation  |A-XB|-0.  If  Xm  =  max  X»,  then  Xm  are  a  maxim\am  of 
the  relation  of  quadratic  forms,  and  the  components  of  corresponding 

main  vector  . X!v),(,4  —  X„,S)X’"  =  o,  the  essence  of  wave 

amplitude,  that  realize  the  optimum  losses:  1  —  (1  —  =  min  — ~  .  p  ~ 

the  energy,  emitted  out  of  the  preset  angle,  -  reflection  loss). 

3.  By  BTsVM  ^digital  computer]  VTs  MGU  is  at  the 

present  time  produced  calculation  for  case  of  incidence/drop  on 
discoveries/openings  end/lead  of  waves  of  type  //otn-f  Calculation  is 
carried  out  for  set  of  parameters  6,  N,  ka.  The  results  of 
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calculations  make  it  possible  to  do  the  following  conclusions; 

a)  with  insufficiently  large  C=ka*6  ( approx imately/exemplarily 
to  C~4)  dependence  i— on  nvunber  N  of  the  mixed  waves  is  expressed 
weakly; 

b)  with  increase  of  C  this  dependence  sharply  grows;  so  with 


c)  however  even  with  large  C  with  increase  of  N  rapidly  begins 
the  effect  of  "saturation"  and  further  increase  N  is  virtually 
unchanged  losses.  This  independence  begins,  as  a  rule,  already  with 
N>3.  In  other  words,  it  is  sufficient  two-three  waves  in  order  to 
obtain  the  losses,  very  close  to  the  radiation  losses  out  of  this 
angle  of  the  antenna,  which  has  in  this  sense  optimum  field 
distribution  in  the  aperture.  It  is  assxsned,  of  course,  that  this 
antenna  does  not  have  property  of  "superdirectionality"; 


d)  the  analysis  of  radiation  pattern  shows  that  basic  part  of 
the  losses  compose  the  reflection  losses. 
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Page  146. 

9.  Mixed  problems  in  the  region  with  the  moving  boundary. 

Method  of  solving  mixed  problems  with  the  changing  boundary  for  the 
three-dimensional  wave  equation  and  its  application. 

Ye.  A.  Krasil 'shchikova. 

Is  stated  the  method  of  solving  mixed  problems  for  the 
three-dimensional  wave  equation  when  the  boundary  conditions  of  task, 
and  also  the  boundary  of  the  region  of  the  assignment  of  boundary 
conditions  are  changed  in  the  time. 

By  means  of  the  continued  method  is  investigated  the  spatial 
problem  about  the  flow  around  of  the  wing  of  the  supersonic  flow  in 
the  presence  of  moving  shock  wave. 

Is  examined  the  motion  of  the  thin  slightly  bent/slightly  curved 
wing  with  the  low  angle  of  attack.  It  is  assumed  that  the  motion  of 
wing  consists  of  rectilinear  forward  motion  with  the  constant 
supersonic  speed  and  occurs  within  the  infinite  volume  of  the 
compressible  medium.  At  certain  moment  of  time  the  wing  meets  the 


'  I 
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weak  shock  wave  whose  front  is  the  plane,  which  moves  with  the  speed 
of  sound. 

Considering  that  the  environmental  disturbances,  excited  by  the 
motion  of  wing  and  shock  wave  incoming  to  it,  are  small,  are  made  the 
simplifying  assumptions  generally  accepted  in  the  slender-wing 
theory,  and  the  task  about  the  flow  around  of  the  wing  in  the 
presence  of  shock  wave  is  examined  in  the  linearized  setting. 

The  task  of  hydrodynamics  is  reduced  to  the  boundary-value 
problem  for  the  three-dimensional  wave  equation  when  boundary  of  the 
region  where  are  assigned  boundary  conditions,  moves  over  the 
assigned  law. 

The  solution  of  problem  is  obtained  in  the  locked  form,  and  the 
velocity  potential  of  disturbed  flow  is  found  in  the  form  of  doiible 
quadratures  with  the  region  of  integration,  spread  over  the  wing 
surface.  Velocity  potential  can  be  calculated  for  the  wing  of 
arbitrary  geometric  form  with  the  supersonic  edges  in  the  presence  of 
moving  shock  wave  whose  front  forms  arbitrary  angle  with  the  plane  of 
the  motion  of  wing. 
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Wave  diffraction  on  the  sphere  with  varying  in  time  radius. 

V.  N.  Krasil'nikov. 

The  phenomena,  which  appear  with  the  wave  diffraction  on  the 
bodies,  form  and  size/dimension  of  which  vary  in  the  course  of  time, 
should  be  classed  as  parametric  ones.  They,  generally  speaking,  are 
accompanied  by  the  effects  of  a  change  in  the  spectral  composition 
and  supply  of  energy  of  the  field,  undergoing  diffraction.  There  is 
nothing  similar  in  the  classical  tasks,  which  examine  interaction  of 
waves  with  the  quiescent  bodies  and  the  boundaries. 

Obvious  that  the  resolution  of  the  tasks  of  parametric 
diffraction  (condition  about  this  shorter  term)  is  more  comp.icated 
mathematical  problem;  therefore  at  present  there  are  no  such 
solutions,  actually,  still.  In  this  report  is  examined,  perhaps,  the 
simplest  diffraction  task  of  such  type.  It  is  placed  thus. 

The  wave  field  u,  which  exists  in  the  region  out  of  the  sphere 
with  a  radius  of  a(t)arbitrarily  varying  in  the  time,  is  svibordinated 
t-  he  equation: 


Page  147 


(1) 
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Particular  solution  (1)  with  the  assigned  source  function  f(r,  t) 

makes  sense  of  the  feeding  wave.  On  the  surface  of  sphere  the  field 
satisfies  certain  linear  boundary  condition  of  impedance  type: 

a^  +  3t/ =0|^o.  (3) 

where  a  and  ./3  can  be  the  functions  of  time  (in  particular,  they  can 
be  determined  by  the  speed  of  the  motion  of  the  boundary  da/d+) .  At 
infinity  field  u  is  subordinated  to  usual  radiation  principle  (if 
necessary  in  the  modified  formulation). 

Since  in  the  setting  indicated  the  task  remains  linear,  in  the 
principle  sufficiently  bounding  to  the  case  of  monochromatic  incident 
field  (2). 

For  the  construction  of  solution  should  be  used  an  expansion  of 
the  unknown  field  u^  and  the  incident  field  u.  in  the  series/rows  in 
spherical  functions  y„(S,  <(i): 

u,  =  S  W,(fcr>y„(0,9) 

r<r,  (2') 

00  ^  ^  . 

u,=  S  “n(rt)  y«(e,q>)!  (4) 

Moreover  for  u,  (monochromatic  field  with  the  known  sources, 
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arranged/located  out  of  the  sphere  of  certain  radius  r.)  coefficients 
a„  are  known,  and  fn(kr)  -  spherical  Bessel  function. 

However,  the  coefficients  u„(rt)  of  series/row  (4)  depend  on  time 
by  more  complicated  form.  With  the  help  of  the  special  conversion  the 
task  of  finding  the  function  Un(rt)  is  reduced  to  the  integration  of 
the  linear  differential  equation  of  the  n  order  with  the  variable 
coefficients,  which  escape/ensues  from  boundary  condition  (3). 

We  will  not  give  here  the  form  of  this  equation,  but  let  us  only 
point  out  that  in  special  cases  (defining  concretely  the  law  of  a 
change  in  the  radius  of  sphere)  it  is  possible  to  analytically 
investigate  the  properties  of  the  obtained  solution. 
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moving/driving  plane,  in  particular  the  radiation/emission  of  the 
system,  which  consists  of  the  oscillating  plane  and  the  placed  near 
it  stationary  source  or  the  flow/discharge. 
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10.  Variation  and  direct  methods. 

Proof  of  the  methods  of  the  study  of  the  propagation  of 
electromagnetic  vibrations  in  the  irregular  waveguides. 

A.  G.  Sveshnikov. 

Are  developed  the  direct  methods  of  the  solution  of  the  problems 
about  the  propagation  of  oscillations/vibrations  in  the  waveguides 
with  the  extended  irregular  section,  with  the  arbitrary  anisotropic 
filling  and  the  lateral  surface  of  fairly  complicated  form.  These 
methods  must  be  suitable  both  for  qualitative  research  of  the 
general/common/total  properties  of  phenomenon  and  for  solving  the 
specific  problems  with  the  high  accuracy.  The  latter  is  achieved  by 
the  development  of  the  general/common/total  algorithms  of  solution, 
which  use  solution  of  problem  on  the  electronic  computers. 

The  basis  of  the  method  of  the  construction  of  approximate 
solution  is  reducing  of  initial  electrodynamic  task  to  boundary-value 
problem  for  the  final  system  of  ordinary  differential  equations  for 
the  method,  analogous  to  the  Galerkin  method.  Integral 
relationships/ratios,  from  which  is  determined  approximate  solution 
in  this  method,  are  constructed  in  such  a  way  that  approximate 
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solution  would  satisfy  the  same  basic  energy  relationship/ratio,  as 
the  exact  sol  ition  of  task.  This  makes  it  possible  to  demonstrate 
that  approximate  solution  constructed  thus  with  an  increase  in  the 
order  of  the  system  of  ordinary  differential  equations  converges  in 
mean  to  the  exact  solution  of  initial  task  when  the  latter  belongs  to 
space  W',.  In  this  case  it  is  proved  that  the  coefficient  of 
reflection  and  the  passages  of  normal  waves,  obtained  from 
approximate  solution,  approach  their  precise  values.  The  proof  of  the 
convergence  of  approximate  solution  to  precise  is  conducted  first  for 
the  case  when  the  medium,  which  fills  waveguide,  possesses  different 
from  zero  absorptions.  Transition  to  the  case  of  the  absence  of 
absorption  is  realized  with  the  help  of  the  principle  of  maximum 
absorption. 

Page  149. 

During  the  study  of  the  propagation  of  oscillations/vibrations 
in  the  waveguides  with  the  irregular  lateral  surface  to  the 
transition  to  the  system  of  ordinary  differential  equations  via  the 
selection  of  the  special  system  of  curvilinear  coordinates,  the 
determined  form  of  the  lateral  surface  of  the  waveguide  in  question, 
is  produced  the  representation  of  the  initial  region  of  the  solution 
of  problem  onto  regular  tube  domain  of  constant  cross  section. 

Thereby  task  is  reduced  to  the  equivalent  task  about  the  propagation 
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of  oscillations/vibrations  in  the  rectilinear  waveguide  of  constant 
cross  section,  but  with  the  anisotropic  filling. 
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The  proof  of  direct  methods  for  the  internal  tasks  of  diffraction. 

V.  V.  Nikol'skiy. 

The  tasks  about  electromagnetic  field  in  the  region  of  space,  by 
the  partially  or  completely  limited  conducting  surface  (in 
particular,  complex  form)  and  containing  the  inhomogeneous  medium 
(which  can  be  piecewise-discontinuous,  and  also  anisotropic,  etc.), 
according  to  the  character  of  the  wave  process  in  question  can  be 
attributed  to  diffraction.  To  this  group  belong,  in  particular,  the 
tasks  about  the  so-called  waveguide  transformers  -  hollow  systems, 
connected  with  several  waveguide  channels,  characterized  by 
scattering  matrix. 

In  connection  with  the  development  of  computational  technology 
in  recent  years  substantially  increased  the  value  of  direct  methods 
in  application  to  such  internal  tasks.  However,  in  this  case  in  the 
methods  of  Galerkin  and  Ritz  it  makes  sense  as  the  coordinate 
functions  to  use  systems  of  its  own  vector  functions,  obtained  as  the 
solutions  of  electromagnetic  boundary-value  problems,  i.e.,  those  few 
from  them,  for  which  are  known  analytical  solutions.  From  certain 
point  of  view  the  development  of  direct  methods  looks  like  the 
analysis  of  the  effect  of  irregular  factors  (complicated  boundary. 
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heterogeneous  anisotropic  medium,  etc.)  in  electromagnetic  field  in 
the  computational  aspect  playing  the  role  of  base.  This  also  draws 
together  data  of  task  with  the  diffraction  problem. 

It  shows  that  with  the  approach  in  question  the  identical 
results  are  obtained  as  by  the  method  of  Galerkin  in  application  to 
the  equations  of  Maxwell  with  their  boundary  conditions  (or  to  the 
equations  of  higher  order),  so  also  by  the  method  of  Ritz  during  the 
use  of  equivalent  variation  principle.  Th\js,  for  instance,  if  we 
formulate  task  relative  to  Maxwell's  operator 

Mu  =  otna  +  /, 

where 


Key:  (1).  and. 

that  one  of  the  possible  functionals,  stationary  during  its 
solutions,  will  take  the  form 

■  ^  =  (Mu,  u)~-io{au,  u)—(u,f) — {/,u)  —  i  ^  |E,H"]nrfs  — /  J 

•S  sj 

(scalar  product  it  is  understood  by  the  voltane  ~  surface,  on  which 
is  assigned  outside  field,  S.  -  remaining  part  of  the  locked 
surface).  The  boxmdary  conditions  of  task  for  this  functional  are 
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natural,  which  makes  it  possible  to  take  the  coordinate  functions, 
which  do  not  satisfy  them. 

Direct  methods  for  the  internal  tasks  of  electrodynamics  were 
examined  and  were  applied  in  the  series/row  of  the  previous  work  of 
the  lecturer  and  his  colleagues. 

Page  150. 

Besides  some  generalizations,  the  target  of  this  report  is  the 
examination  of  the  proofs  of  these  methods.  Let  us  note  that  recently 
the  beginning  to  similar  ef forts/fcrces  was  established  in  A.  6. 
Sveshnikov's  doctoral  dissertation  (MGU,  1963),  who 
established/ installed  the  convergence  of  the  process  used  by  it  of 
bringing  the  task  about  the  excitation  of  irregular  waveguide  to  the 
system  of  ordinary  differential  equations.  However,  in  the  report  is 
made  the  attempt  to  indicate  similar  results  with  respect  to  the 
methods  of  Galerkin  and  Ritz,  which  were  discussed  above.  Besides  the 
conclusions  about  the  convergence,  obtained  without  the 
\ise/application  of  principle  of  maximxsn  absorption,  apparently,  it 
proves  to  be  possible  to  raise  a  question  about  the  initial  proof  of 
the  Galerkin  method,  which  does  not  use  properties  of  the  zero 
element/cell  of  the  function  space.  The  latter  fact  can  play 
structural/design  role. 
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Application  of  direct  methods  for  calculating  the  irregular  waveguide 
systems . 

D.  I.  Korniyenko,  V.  P.  Orlov,  V.  G.  Feoktistov. 

Large  use  in  shf  technology  find  different  plumbing  with  the  use 
of  the  ferrites:  waveguides  with  the  ferrite,  resonators  with  the 
ferrite,  etc. 

From  a  mathematical  point  of  view  the  problem  is  reduced  to  the 
resolution  of  boundary- value  problem  for  the  equation  of  Maxwell, 
moreover  «  and  n  -  tensors  whose  separate  components  -  the 
discontinuous  functions  of  coordinates.  With  rare  exception  such 
tasks  (let  us  name  their  irregular)  do  not  have  analytical  solutions; 
therefore  find  use  the  direct  methods  of  solution. 

Present  report  is  dedicated  to  the  use/application  of  direct 
methods  of  Galerkin-Ritz's  type  for.  the  n\snerical  solution  of 
different  waveguide  tasks:  a)  the  determination  of  the  scattering 
matrix  of  X-circulator;  b)  the  calculation  of  the  propagation 
constants  of  rectangular  waveguide  with  arbitrarily  arranged/located 
transverse-magnetized  ferrite;  c)  the  calculation  of  the  propagation 
constant  of  H-shaped  waveguide  with  longitudinal-magnetized  ferrite. 
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Calculations  were  produced  in  electronic  computers. 

a)  X-circulator .  In  this  case  is  solved  the  boundary-value 
problem  for  the  rectangular  region,  connected  with  four  waveguides 
and  containing  the  magnetized  ferrite  cylinder.  Device/equipment  is 
completely  characterized  by  its  scattering  matrix  for  determination 
of  which  Galerkin-Ritz's  method  is  formulated  in  the  inductions.  On 
the  diagram  of  galerkin  or  Ritz  with  the  coordinate  functions, 
undertaken  in  the  form  of  the  eigenfunctions  of  the  rectangular 
region  indicated,  the  task  is  reduced  to  the  system  of  algebraic 
equations. 

Those  obtained  during  its  solution  of  the  representation  of 
fields  are  projected/designed  in  the  entrances  of  waveguides,  which 
gives  the  matrix  elements  of  conductivity,  from  which  then  is  located 
the  scattering  matrix.  Calculation  was  produced  according  to  52 
coordinate  functions  with  the  complex  permeability.  Programming  task 
and  calculations  are  carried  out  in  VTs  MGU  by  I.  P.  Kotik. 

b)  V/aveguide  with  the  transverse  magnetic  biasing.  For 
calculating  the  propagation  constants  of  waveguide  with  the  ferrite 
the  method  is  used  to  the  equations  of  Maxwell  for  the  inductions, 
registered  in  the  waveguide  form: 
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rotj.e-‘D  +  iv  le'^D;  x,J  »  <oB'; 
rotx|i-*B'  +  iv  I|t  ‘B';  Zjl  =  wD;  B'  =  iB 

Page  151. 


(1> 


Algebraization  (1)  leads  to  the  following  system: 


+v’Jlf  J.X- 

v'Mxx 

^  +  (AfrJ  + 

v'£_lx'  y'^±i 

/ai«  \  / 

(ax  )  ~  ( 

br\ 


(2) 


or  it  is  shorter: 


/ar\ 

Ux  / 

•  Ux) 

(3) 


Here  v'  =  —  fv/«;  X-diagonal  matrix/die  from  the  transverse  eigenvalues; 

(o.  p  =  1,  X'.  X) 

matrix/die  and  a  have  identical  structure,  for  example; 

vector  ax  relates  to  the  electric  fields  of  H-vaves, 
oi'  -  to  the  electric  fields  of  E>waves,  is  analogous  for 


In  the  waveguide  task  the  foi*mulation  in  the  inductions  is 
advantageous  because  of  the  fact  that  it  makes  it  possible  to  exclude 
longitudinal  components  for  the  arbitrary  form  of  tensors  .e  and  a, 
i.e.,  occur  the  equalities 

Pf  ■■  ~r  ibjf  K  flj  “  (4) 

Excluding  a  from  the  second  equation  (3),  we  obtain:  BHb"b.  The 
conditions  of  the  consistency  of  system  gives  equation  for  the 
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determination  of  that  infused  of  propagation /‘(v')  »  det  (EM-I)>0,  which 
is  solved  by  Newton's  method.  Matrix/die  EM  has  the  10th  order; 
and  <1  -  complex  quantities. 


c)  N-shaped  waveguide.  In  the  comparison  with  the  previous  tasks 
the  special  feature/peculiarity  of  data  lies  in  the  fact  that  in  the 
direct  method  are  used  as  the  coordinate  ones  the  functions,  which  do 
not  satisfy  boundary  conditions,  precisely,  the  vector  eigenfunctions 
of  the  rectangular  resonator,  into  which  is  inscribed  the  segment  of 
the  N-shaped  waveguide  in  question  with  the  ferrite,  is  solved  the 
problem  about  the  resonator  of  the  N-shaped  profile/airfoil,  with 
natural  frequencies  of  which  in  an  obvious  manner  connected 
propagation  constant  of  waveguide. 


Algebraic  formulation  can  be  obtained  by  both  the  method  of 
Galerkin  and  by  method  of  Ritz.  In  the  latter  case  at  the  basis  of 
method  lies/rests  the  functional 


fa*)  =  - 


(5) 


Steady-State  values  of  which  supply/deliver/feed  into  natural 
frequencies,  and  the  use/application  of  the  coordinate  functions 
indicated  is  justified  by  the  fact  that  the  boundary  conditions  of 
the  boundary-value  problem  in  question  are  for  it  natural. 
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in  the  implementation  of  method  in  the  machine  were  used  by  24 
coordinate  functions. 
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Page  152. 

Slotted  articulation  of  rectangular  waveguides. 

I.  B.  Levinson,  P.  Sh.  Friedberg. 

In  known  works  [1,  2]  during  the  solution  of  the 
integrodifferential  equation  for  the  field  on  the  slot  of  two 
covolumes  (final  or  infinite)  the  slot  is  assumed  to  be 
exponential-narrow  (ln(X/d)»l;  ln(l/d)»l;  1,  d  -  length  and  the 
width  of  slot  respectively;  X  -  wavelength).  In  the  present  work  the 
slot  is  assumed  to  be  the  simply  narrow  (X/d»l,  l/d»l),  i.e.,  in 
the  resolution  of  kernel  of  integral  equation  are  held  down/retained 
not  only  terms  of  order  In  d,  but  also  on  the  order  of  1.  Is  given 
variational-iterative  method  of  obtaining  the  scattering  matrix  of 
two  volumes,  connected  through  the  narrow  slot.  The  obtained  result 
in  principle  differs  from  that  utilized  in  [1,  2]  the  expansions  by 
degrees  (•"y;  '  or 

Vector  integral  equation  [3]  for  electric  field  E  in  the  case  of 
narrow  slot  to  be  registered  in  the  form 

^  (uv,  {u'v')  //“  (w,  ,  ).  (J) 

-7 1  rt 
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where  u,  v  -  rectangular  coordinates  on  the  slot,  u  -  across  the  slot 
from  -d/2  to  +d/2,  v  -  along  the  slot  from  0  to  1.  For  narrow  slot 
it  is  possible  to  register  [1]  in  the  form  A’,.  =  tr  (»')  <d  («'),  where 

U<v')  -  the  unknown  stress/voltage  on  the  slot,  =  [(4/2)*  —  u’*]-’''*. 

Assuming/setting  in  (1)  u*0  (the  centerline  of  slot)  and  integrating 
by  u',  we  will  obtain  one-dimensional  integral  equation  for  U(v) 

t 

dv'N  {v,  v')  U  (o')  =  Ht  (o).  (2) 

a 

Kernel  N(v,  v')  depends  on  d  and  consists  of  the  sxim  of  two  averaged 
admittances,  which  correspond  to  joined  volumes  [3] 

n  (v,  t')  *  ^  du’nm  (oo,  o'o')  O  (»').  (3) 

Let  us  isolate  dependence  n(<'.  on  d‘-»>0,  disregarding  in  this  case 
the  terms,  which  are  rotated  into  zero  together  with  d.  With  d-^0 
value  it(v,  r)  goes  to  infinity  as  In  d;  therefore  the  input  admittance 
of  the  volume  through  the  narrow  slot  is  represented  in  the  following 
form: 

H  (v,  vf)  -  a-*o  (y,  y*)  +  ft  (y.  ✓),  (i) 

where  *  — (2In^)“*,  and  a(v,  w')  and  b(v,  w')  do  not  depend  on  d, 
kc«2e/X.  Since  the  singular  part  of  Green's  function  does  not  depend 
on  the  gecMuetry  of  system,  then  independent  of  the  geometry  of  slot 
in  the  volume  we  have 

«  (r.  */)  -  [*{  4-  6  {V-.  y').  (r>) 
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»W  -  a  conductivity  of  free  space.  Kernel  N(v,  v')  takes  the  form 


where 


N  (»,  »')  =  o-U  (»,  tf)  +  B  (»,  »*),  (6) 

A  (v,  v‘)  =  2a  (v,  if),  B  (»,  tf)  =•  6,  (i»,  »')  +  fc,  (w,  if).  (7) 


Terms  bi(v,  v' )  and  b,(v,  V)  depend  on  frequency  and  geometry  of  the 
joined  volumes.  The  presence  in  (6)  of  logarithmic  factor  makes  it 
possible  to  examine  the  approximation/approach  of  exponential-narrow 
slots  I  a) «1. 


Page  153. 

In  this  case  it  is  possible  to  disregard  B(v,  v’)  and  integral 
equation  (2)  is  reduced  to  the  differential  equation  of  Ya.  N.  Fel'd: 

+  (v)  {—  iwfi,)  Hi  {v)  (8) 

with  the  boundary  conditions  U(0)«U(1)*0,  w  -  angular  frequency,  n,  - 
magnetic  permeability  of  free  space. 

let  us  produce  the  calculation  of  the  nonlogarithmic  term  b(v, 
v’)  based  on  the  example  to  the  transverse  slot  in  the  wide  wall  of 
infinite  multimodal  waveguide.  Using  a  tensor  function  of  Green  of 
infinite  waveguide  and  differentiating  it  formally,  let  us  find  a 
component  ^  transverse- transverse  relative  to  slot  of  the  tensor  of 
admittance  t)-  Assuming/setting  further  z«0,  y'*0  and  neutralizing  on 
z'  with  the  help  of  <t>it'),  we  will  obtain 
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X  /*  ama:aina«x'cospny. 


(») 


where  x,  y,  z  -  rectangular  coordinates,  x  -  along  a,  y  -  along  b,  z 
-  along  the  axis  of  waveguide,  a  and  b  -  sizes /dimens ions  of  cross 
section, 


fl,  m=sO 

l2.  m=l,2... 

integration  for  k  is  conducted  with  the  circuit/bypass  of  poles  on 
the  negative  real  semi-axis  on  top,  and  on  the  positive  real 
semi-axis  -  from  below.  Integral-series  obtained  as  a  result  of  this 
formal  procedure  diverges.  For  determining  the  method  of  its  addition 
let  us  consider  more  attentively  the  sense  of  passages  to  the  limit. 
Twofold  formal  differentiation  of  Green's  function,  strictly 
speaking,  is  illegal.  For  the  justification  for  this  procedure  it  is 
possible  to  conduct  under  the  sign  of  integral-sum  the  factor  of 
convergence  This  is  equivalent  to  the  examination  of 

Green's  pre-limit  function,  which  is  the  solution  of  equation  with 
the  pre-limit  5-f\inction,  "smeared”  in  the  region  with  the  linear 
dimensions  of  order  A.  Green's  this  function  can  be  used,  if  all 
distances  in  question  much  more  than  A.  Such  distance  in  our  task  is 
distance  y  from  the  slot  to  the  point,  where  is  coBq>uted  the  field. 
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which  is  to  lace  with  y-^+O.  Therefore  a  passage  to  the  limit  roust  be 
realized,  by  directing  first  A-»0  and  only  then  y-*+0.  It  is  not 
difficult  to  see  that  all  this  as  a  result  is  a  physical 
justification  for  the  addition  of  series/rovs  in  Abel-Poisson’s 
sense.  After  fulfilling  in  (9)  by  the  method  indicated  addition  and 
representing  result  in  the  form. (4),  let  us  find  the  unknown 
expression  b(v,  v')  of  infinite  multimodal  waveguide  with  the 
transverse  slot  on  the  wide  machine  tool.  It  is  analogously  obtained 
by  b(v,  v'),  also,  for  the  multimodal  semi-'inf inite  waveguide  with 
the  slot  in  the  end/face. 

The  articulation  of  two  volumes  is  completely  characterized  by 
scattering  matrix.  Using  (3),  it  is  possible  to  write  variation 
principle  for  the  matrix  elements  of  scattering  S.  In  this  case 
naturally  will  enter  two  test  stresses/voltages.  As  these  test 
stresses/voltages  can  be  undertaken  the  solutions  of  integral 
equation  (2)  with  B«0,  i.e.,  actually  the  solution  of  equation  (8) 
for  exponential-narrow  slot. 

Page  154. 

The  given  theory  is  valid  both  for  the  resonance  ones  and  for 
the  nonresonant  slots.  For  resonant  slot  (8)  gives  sinusoidal  field 
distribution  with  the  infinite  amplitude;  however,  in  the  variation 
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principle  of  amplitude  they  are  reduced,  and  field  distribution  in 
this  case  (8)  gives  relatively  correctly. 

Analogoxisly  can  be  generalized  the  theory  of  exponential-thin 
radiators/resonators/elements  in  the  case  of  thin 
radiators/resonators/elements. 
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11.  Slight  disturbances  are  long  waves. 

Averaged  boundary  conditions  on  the  surface  of  wirings  with  the 
rectangular  nuclei  and  the  diffraction  of  electromagnetic  waves  on 
such  grids. 

M.  I.  Kontorovich,  M.  I.  Astrakhan,  M.  N.  Spirina. 

This  report  is  the  survey/coverage  of  the  works,  dedicated  to 
the  study  of  the  electrodynamic  properties  of  wire  gauze  in  the  form 
of  the  systems  of  the  intersected  leads/ducts  (in  essence  they  are 
intended  of  grid  with  the  square  and  rectangular  nuclei). 

Are  examined  the  shielding,  reflecting  and  retarding  properties 
of  different  types  of  grids.  Solution  is  carried  out  by  the  method  of 
the  averaged  boundary  conditions.  Its  essence  consists  in  the  fact 
that  instead  of  the  real  field  E,  which  passed  through  the  grid  or 
reflected  from  it,  is  sought  the  "smoothed"  field  £.  This  field  is 
subordinated  to  the  Maxwell  equations,  and  mesh  surface  is 
substituted  by  the  plane,  on  which  are  satisfied  some  boundary 
conditions,  which  depend  on  the  structure  of  grid;  these  boundary 
conditions  are  called  the  averaged  boundary  conditions.  The 
equivalency  of  true  and  "smoothed"  of  fields  is  established/ ins tailed 
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by  their  comparison  with  the  averaged  field  which  is  obtained  from  by 
the  true  course  of  its  averaging  on  the  region,  determined  by  the 
structure  of  grid. 


The  averaged  boundary  conditions  make  it  possible  by  usual 
methods  to  solve  the  problems  of  diffracting  the  electromagnetic 
waves  on  the  mesh  surfaces. 


Page  155. 


Were  found  the  averaged  boundary  conditions  on  the  surface  of 
grid  with  the  rectangular  nuclei  (sizes/dimensions  of  nucleus  axb): 


/(5)=:  waJiHX  .» 

6o;ibiiiK  s 


(OnpH  a  =  0 


|*PH=  +  o 


Key:  (1).  with.  (2).  for  small  ones.  (3).  for  large  ones. 


Formulas  (1)  are  obtained  on  the  assumption  that  in  the  plane  of 
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grid  EW  little  is  changed  for  the  elongation/extent  of  one  nucleus 
and  the  parameters  of  grid  are  subordinated  to  the  conditions 

'■o,  i  «<  a,  ft;  a.  6  -<  X,  (2) 

where  r,  -  radius  of  leads/ducts,  1  -  distance  between  the 
leads/ducts  intersected  in  the  node/unit. 

Function  f(s)  considers  the  final  conductivity  of  the  material 
of  leads/ducts  and  the  phenomenon  of  skin-effect  in  them. 


Coefficients  x»  and  x»  depend  on  the  character  of  the  contact 
between  the  leads/ducts  in  the  nodes/units  of  nuclei.  It  is  shown 
that 

Xjj  ~  2iaiC(|  Xy—  2i{i)Cy  zftf 

if  between  the  leads/ducts  of  nuclei  are  connected  impedances  z,  or 


2c;& 


c-c: 


.  g  -1-  6 

«  2, 


C—C. 


.  o  -i-  6  > 


where  C  -  the  available  capacity,  which  falls  to  one  nucleus,  if 
between  the  intersected  leads/ducts  in  the  nodes/units  of  nuclei 
resistance  is  not  included. 


From  formulas  (Das  special  cases,  it  is  easy  to  obtain  the 
averaged  boundary  conditions  on  the  surface  of  grid  with  the  square 
nuclei  and  for  the  system  of  parallel  leads/ducts. 
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Similarly  obtained  the  averaged  boundary  conditions  on  the 
surface  of  two  closely  spaced  grids  with  the  square  nuclei. 

The  averaged  boundary  conditions  are  made  it  possible 
comparatively  simply  to  examine  the  different  kind  of  the  task  of 
electrodynamics  for  the  systems  with  the  grids. 

Is  examined  an  incidence  in  plane  electromagnetic  wave  of 
arbitrary  polarization  at  arbitrary  angle  on  the  grid  (for  three 
types  of  the  grids:  with  the  square  nuclei,  with  the  rectangular 
nuclei,  parallel  leads/ducts).  Are  found  expressions  for  the 
reflection  coefficients  and  are  investigated  the  dependences  of  the 
reflecting  and  shielding  properties  of  grids  in  the  dependence  on  the 
parameters  of  the  incident  wave  and  parameters  of  grid. 

The  same  problem  is  solved  for  two  parallel  grids  with  the 
square  nuclei. 

Furthermore,  is  examined  the  propagation  of  the  electromagnetic 
waves  between  two  infinite  networks,  along  one  grid,  in  the  waveguide 
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of  the  delay/retarding/deceleration  of  electromagnetic  waves  on  the 
parameters  of  the  systems  being  investigated  and  transmission  mode. 

The  comparison  of  calculated  results  with  the  experimental  ones, 
conducted  in  the  majority  of  tasks,  showed  a  good  coincidence. 
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Page  156. 

Problem  of  diffraction  for  the  lattice  from  contours  of  arbitrary 
form. 

I.  Ye.  Tarapov. 

Is  examined  the  decision  of  the  exterior  problems  of  Neumann  and 
Dirikhle  for  the  equation  of  Helmholtz  in  the  case  of  lattice  with 
the  smooth  ducts/contours  of  arbitrary  form. 

Solution  is  found  out  in  the  form  of  the  potential  of  simple 
layer  (Neumann's  task)  and  potential  of  the  double  layer  (Dirichlet 
problem),  folded  with  the  plane  wave,  which  falls  at  certain  angle  to 
the  lattice.  The  intensities  of  layers  are  the  solution  of  the 
integral  equations  in  which  is  contained  the  integration  only  for  one 
of  congruent  contours.  In  the  kernels  of  these  equations  easily  is 
selected  their  "hydrodynamic  part"  (not  depending  on  the  length  of 
the  incident  wave) . 


■ 
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Is  examined  approximation/ approach  in  the  case  of  very  long 
waves.  Are  obtained  formulas  for  the  solution  in  the  first 
approximation,  and  are  given  estimations  of  error. 

In  comparison  with  other  methods  the  proposed  method  possesses 
the  advantage  that,  in  the  first  place,  it  makes  it  possible  to 
consider  error  and,  in  the  second  place,  allows/assumes  obtaining 
further  approximations/approaches  with  the  arbitrary  duct/contour  of 
lattice. 
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Diffraction  on  the  group  of  bodies. 

I.  V.  Smirnova,  L.  A.  Cherches. 

Let  us  consider  diffraction  on  group  n  of  the  diverse  bodies, 
for  each  of  which  individually  the  solution  of  task  u*  is  known.  Let 
us  take  as  the  supporting/reference  solution  without  taking  into 
account  interaction  between  the  bodies 

u,=*S“»-  (1) 

The  decision  of  the  boundary~value  problem  of  Neumann  can  be 
represented  as  follows: 

where  boxmding  surface. 

In  the  class  of  the  group  of  the  bodies,  for  which  is  correct 
the  asymptotic  representation  of  Green's  function, 

G  =  C.  11  +  (1)1,  ”  (3) 

where  <?■  —  Green's  fxuiction  without  taking  into  account  interaction 

of  bodies,  o(l)-^0  when  -13 - ^0,  tUa  —  the  minimum  distance  between 

two  elMients/cells  of  group,  we  have 
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«  =  (4) 

This  class  includes,  for  example,  the  group  of  belts  or  disks  (is  not 
compulsory  identical  form),  located  in  one  plane. 

Page  157. 

In  certain  cases,  with  the  nonfulfillment  of  condition  (3), 
Green's  function  is  expedient  to  represent  as  follows: 

G  =  +  Gp  =  G,  +  Gp,  (1  +  0  (1)1,  (3*) 

where  G,  —  is  determined  by  geometric  optic/optics,  Gp —  the 
component  of  scattering,  Gp.  ~  the  component  of  scattering  without 
taking  into  account  interaction  of  bodies. 


As  an  example  let  us  give  result  in  distant  zone  (kr-e«>)  for  two 
diverse  half-planes  (wide  slot  in  the  flat/plane  shield)  during 
incidence  in  the  plane  wave  of  the  single  amplitude 


-  -  ♦  ,  «  ‘  f 

j  ,u(r+4)  J  tg-j  riny*  ^ 

‘  {kr)‘'>  (W)^* 


+ 


e 

dgy 

cosy  *  •  ^ 

1  — eosO  1 

■il 


odW)'  ’). 


(5) 


where  ^  -  angle  between  the  direction  of  propagation  of  the  incident 
wave  and  the  plane  of  shield,  9  -  the  angle  between  the  radixis-vector 
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into  observation  point  and  the  plane  of  shield,  d  -  the  width  of 
slot. 

Expression  (5)  coincides  with  the  result,  obtained  in  the 
literature  by  the  method  of  singular  equations. 
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Diffraction  on  the  weakly  deformed  bodies! 

L.  A.  Cherches. 

Let  us  consider  diffraction  on  the  body  with  ix>unding  surface, 
deformed  in  comparison  with  the  reference  body,  for  which  the 
solution  of  task  u«  is  known.  The  amount  of  strain  we  will 
characterize  by  the  low  parameter  p. 

For  the  certainty  let  us  dismantle/select  the  boundary- value 
problem  of  Neximann  equation  of  Helmholtz  (acoustically 

rigid  body) . 

Solution  can  be  represented  in  the  following  form: 

For  Green's  function  the  correctly  asymptotic  representation 

G  =  G,ll  +  0  (1)1,  (2) 

where  G,  -  Green's  function  for  the  reference  body,  o(l).-»0  with 

p-^0. 


As  a  result  we  have 


DOC  -  82036011 


PAGE 


8  8 

From  expression  (1)  it  is  possible  to  obtain 
relationships/ratios  of  type  (3)  and  more  efficient.  For  this  Green's 
function  it  is  expedient  to  represent  in  the  form 

G  =  G,  +  Gpo  (I  —  />  (I)),  (2a) 

where  Gj  —  is  determined  by  geometric  optic/optics,  G|,„  —  the 
component  of  scattering  by  reference  body. 

Let  us  note  also  that  in  the  asymptotic  representation  of 
Green's  function  instead  of  the  reference  body  to  sometimes  more 
conveniently  use  other  surfaces  5»,  touching  with  individual  sections 

S. 


Page  158. 


For  illustration  let  us  give  several  characteristic  examples 
with  the  reference  body  -  infinitely  thin  half-plane. 


1.  Half-plane  of  final  thickness  t  (short-wave  asymptotic 
behavior).  With  normal  incidence  in  the  plane  wave  of  single 
amplitude  for  distant  zone  (kr-»<")  we  will  obtain 


^  i-s  4 


COS  Y 


-r  ^  !*<  1.1  ^). 


■  f  ill  “**’'*■' 
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where  the  angle  6  is  counted  off  from  the  half-plane. 


2.  Bent  "half-plane"  (short-wave  asymptotic  behavior).  With  the 
bending  radius  R-^«»  we  obtain  the  estimation 

«  =  uo  +  (5^ 

3.  Wedge  with  small  aperture  angle  a. 


With  a-^0  we  obtain  the  estimation 


U  »  Uo  "T  ^  (®)- 


(6) 
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Algorithmic  method  of  solving  the  boundary -value  problems  for 
low-frequency  electromagnetic  field. 

D.  B.  Gurvich,  Ye.  A.  Svyadoshch. 

The  analytical  difficulties,  connected  with  the  integration  of 
the  equations  of  Maxwell  in  their  common  format,  i.e.,  without  any 
simplifying  assumptions,  are  at  present  in  principle  surmounted  only 
in  six  systems  of  curvilinear  orthogonal  coordinates,  which 
substantially  limits  the  circle  of  the  tasks  for  which  can  be 
obtained  the  exact  solutions.  At  the  same  time  in  the  vast  region  of 
questions  of  applied  electrodynamics,  fields,  connected  with  the  use, 
which  are  slowly  changed  in  the  time,  the  necessities  of  engineering 
practice  satisfy  also  solutions  in  the  quasi-stat ionary  and 
quasi-static  approximations/approaches.  Thus,  for  low-frequency 
electromagnetic  field,  excited  by  sources  both  of  the  electrical  and 
magnetic  type,  the  system  of  equations  of  Maxwell  can  be 
approximately  substituted  by  the  equations  of  the  following  form: 

rotP  =  Q,  divF-0,  (1), 

rolQaO,  divQiKO,  (1)», 

where  by  ?  and  ^  indicate  the  vectors  of  magnetic  and  electrical 
intensity/strength,  and  also  current  density. 


I 
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The  determination  of  vector  Q  does  not  present  fundamental 
difficulties,  since  formulas  ensuing  from  (1), 

Q  =  —  grad  <I>,  A®  =  0 

is  reduced  to  the  boundary- value  problem  for  the  equation  of  Laplace, 
the  methodology  of  solution  of  whom  detailed.  In  the  so-called 
dividing  systems  of  coordinates  Ji,  there  are  solutions  of  the 

form 

a)  =  Xa5.)^t(6.)-y.(W,  (3)  . 

each  of  the  functions  Xi(i  =  1,  2,  3)  satisfying  the  equation 

d  ,  dXi 

dli  '*  ~3^  +  =  0,  (4) 

where  X  and  r  -  separation  constant,  and  h,  pu  qi—  function  It, 
characteristic  for  this  coordinate  system.  The  general  solution  of 
the  equation  of  Laplace  is  obtained  by  the  imposition  of  functions 
(3)  with  the  different  values  of  the  parameters  X  and  r. 

Page  159. 

In  contrast  to  ^  the  determination  of  the  field  of  vector  F  runs 
into  the  difficulty  of  fundamental  character.  Usually  by  the 
use/application  of  a  vector  potential  the  solution  of  system  (1)^  is 
reduced  to  the  equation,  which  contains  the  Laplacian  of  vector. 
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which,  however,  does  not  make  it  possible  to  obtain  separate 
equations  for  each  component.  Because  of  this  solution  of  problem  by 
the  method  of  vector  potential  it  proves  to  be  feasible  to  the 
end/lead  only  in  that  special  case  when  the  considerations  of 
symmetry  make  it  possible  to  previously  conclude  that  the  vector 
potential  has  only  one  different  from  zero  component. 


For  the  purpose  of  overcoming  this  difficulty  the  authors 
propose  the  following  algorithm  by  which  the  construction  of  the 
field  of  vector  F  is  implemented  automatically  only  on  the  basis  of 
the  solution  of  the  equation  of  Laplace  for  potential  O  without  any 
further  calculations,  na^nely:  components  ft  along  axes(^^are 
expressed  by  the  following  formulas  analogo^lsly  with  components 
through  functions  of  them  derivatives  xl  of  and  coefficients 
Tm>.of  the  expansion  of  potential  in  functions  (3): 


F,  =  ±  S  (K,  Xm,  U); 


(»)  (m) 


F,  =  ±  S  {K,Xm,Urx-,(K,  T„.6,);  (5)* 

(n)  (m) 

F,  =  ±-^  fjt  S  S  6j)  X,  (Xn,T„,S,)  X, (5), 

(ftl  (m)  ^ 


Here  ?«•/<—  the  functions,  entering  in  (4),  hi—  the  metric 

coefficients  of  the  selected  coordinate  system.  The  necessary  and 

sufficient  conditions  for  the  applicability  of  formulas  (5)  are  the 

following:  ^  .  _ 

A  (Fi^i  —  Pi<lt)  ~  ±  1 


(6) 
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and  the  two  additional  equalities,  obtained  from  that  written  by  the 
cyclic  permutation  of  indices,  and  also 

/« =  const ,  i  =  1,  2.  H.  (7) 

Direct  checking  makes  it  possible  to  ascertain  that  the  written 
conditions  are  satisfied  in  all  eleven  systems  of 
three-dimensional/space  orthogonal  coordinates  in  which,  as  is 
known,  is  divided  the  equation  of  Laplace. 

Thus,  system  (1),  which  gives  the  satisfactory  approximate 
description  of  the  wide  circle  of  electromagnetic  phenomena,  proves 
to  be  solvable  with  the  help  of  the  proposed  algorithm  in  a 
considerably  larger  quantity  of  coordinate  systems,  than  the 
general/common/total  equations  of  Alaxwell. 
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Page  160. 

12.  Functionally  invariant  solutions.  Analytic  functions. 

Some  self-similar  problems  of  the  dynamic  theory  of  elasticity. 

B.  V.  Kostrov. 

Are  examined  the  following  tasks: 

-  the  task  about  the  depression  with  the  constant  velocity  of 
rigid  wedge  into  the  elastic  half-space; 

-  task  about  the  depression  with  the  constant  velocity  of  rigid 
cone  into  the  elastic  half-space; 

-  two-dimensional  problem  about  the  crack  propagation  of 
tangential  interruption/discontinuity; 

-  task  about  the  propagation  of  the  circular  crack  of  normal 
interruption/discontinuity; 


-  task  about  the  propagation  of  the  circular  crack  of  tangential 
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interruption/discontinuity; 

All  problems  are  solved  by  the  single  method:  with  the  help  of 
the  method  of  the  functionally  invariant  decisions  of  V.  I.  Smirnov 
and  S.  L.  Sobolyev  are  reduced  to  finding  of  some  analytic  complex 
variable  functions,  which  possess  the  assigned  special 
features/peculiarities.  In  this  case  substantially  is  used  the  fact 
that  the  solutions  of  problems  must  be  the  uniform  functions  of 
coordinates  and  time.  Curing  the  solution  of  spatial  problems  it  is 
used  the  superposition  of  flat/plane  solutions  by  the  method  of 
Smirnov  -  Sobolyev. 

Are  obtained  explicit  solutions  in  the  quadratures.  It  is  shown 
that  the  solutions  do  not  exist,  if  the  velocity  of  propagation  of 
the  edge  of  crack  or  the  speed  of  the  displacement/movement  of  the 
edge  of  die/stamp  over  the  surface  of  half-space  exceeds  the  speed  of 
the  ground  waves  of  Rayleigh.  Are  obtained  the  equations,  which  are 
determining  the  velocity  of  propagation  of  cracks  in  the  dependence 
on  the  load  and  the  properties  of  medium. 
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Tasks  of  diffracting  the  shock  vaves,  which  are  reduced  to  the 
boundary-value  problems  for  the  analytic  complex  variable  functions. 

S.  I.  Ter-Minasyants. 

Is  examined  the  class  of  the  self-similar  problems  of  the  weak 
diffraction  of  the  shock  waves  whose  solutions  are  obtained  by  single 
method  -  via  their  reducing  to  boundary-value  problems  for  the 
analytic  complex  variable  functions.  This  of  the  task: 

1) .  Task  about  the  diffraction  of  plane  wave  on  the  wedge,  which 
moves  with  supersonic  speed. 

2) .  Task  about  an  instantaneous  small  change  in  supersonic  speed 
of  the  motion  of  wedge. 

3) .  Task  about  the  diffraction  of  the  plane  slantwise  incident 
shock  wave  on  the  dull  wedge. 

4) .  The  task  about  the  insertion/immersion  of  dull  wedge  into 
compressible  liquid  with  the  arbitrary  speed  whose  vector  can  compose 
final  angle  with  the  flat/plane  floating  surface. 
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5) .  Task  about  the  flow  around  delta  wing  with  the  small  sweep 
angle  at  the  final  angle  of  attack  and  with  the  final  slip  angle. 

6) .  Some  other  tasks. 

In  all  named  tasks  the  region  of  diffraction  is  localized  by 
solid  wall,  circular  arcs  of  Mach  with  the  center  on  this  wall  and  by 
slightly  bent  impact  front  conditions  at  which  in  view  of  linearity 
are  carried  to  the  secant,  which  has  by  points  of  intersection  with 
Mach's  circle/circumference  the  end-points  of  the  region  of 
diffraction. 

The  system  of  equations  of  the  flat/plane  unsteady  self-similar 
flow  of  gas  is  reduced  to  the  equation  of  Laplace  for  the  compressive 
disturbance  p,  and  presenting  impact  front  secant  passes  in  the 
circular  arc,  orthogonal  to  the  unit  circle  of  Mach. 

Page  161. 

Boundary  conditions  on  this  arc  take  the  form 
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Here  s  and  n  -  coordinate  along  the  tangent  and  the  normal  to  the 
form  of  impact  front;  y  ~  coordinate  of  lengthwise  aforementioned 
secant,  calculated  off  the  perpendicular,  omitted  to  it  from  the 
center  of  circle  of  Mach;  6  -  the  vectorial  angle,  calculated  off  the 
same  perpendicular,  and  m,  A  and  B  -  constants,  determined  by  the 
initial  nondif f racted  shock  wave  and  the  angle  between  its  front  and 
wall.  These  relationships/ratios  for  the  isentropic  exponent x  =  1,4 
were  obtained  by  Lighthill;  we  repeated  his  conclusion/output  in  the 
case  of  any  x.  Boundary  conditions  on  wall  and  circles/circumferences 
of  Mach  either  are  represented  respectively  in  the  form  dp/dn«0  and 
dp/ds»0  or  in  the  right  side  of  any  one  of  them  figures  6  -  function, 
caused  either  by  the  fracture  of  wall  (when  it  within  the  diffraction 
region),  or  by  the  meeting  of  Mach  front  (from  the  source,  which  is 
located  out  of  the  diffraction  region)  with  Mach's 
circle/circtanference.  The  position  of  the  points,  at  which  5(s)V0, 
easily  is  determined  during  the  solution  of  each  specific  problem. 

The  conformal  conversion 

*  =  ff  4-  it  =  In  l(X  -  X^/(X  _  X,)]  -  X,,  X  -  Re** 

(Xi,  Xj,  X,  -  known  complex  constants)  maps  diffraction  region  to  the 
rectangle  -  t<o<t,  0<r<»,  and  the  latter  by  function  Sn(z/C,  k), 
where  modulus /module  k  and  constant  C  are  determined  by  the 
conformity  of  points,  to  the  upper  half-plane  of  plane  &>  =  9  +  1^.  The 
right  vertical  side  of  the  rectangle  indicated,  which  corresponds  to 
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impact  front,  passes  in  the  segment  l<e<l/lc  of  real  axis,  boundary 
condition  in  which  is  obtained  from  the  condition  on  the  side  of  the 
rectangle  indicated: 

dp  I  dp  '  _ C|  (m,  —  iW  eo»  T)  sin  T _ _  ^ 

■57  /  d^"  “  Ai  (m,  —  M  fos  T)*  —  it  (A/  —  m,  e08  t)« 

(Ai,  Bi,  Cl,  m, ,  M  -  known  constants)  by  substitution  instead  of  r 
the  elliptical  integral  of  the  first  kind,  conditions  on  the 
remaining  elements/cells  of  boundary  do  not  vary  their  fo.'.*m. 

Since  in  plane  « dp;d«  =  and =  dp/dip.  then  the  system  of  our 

boundary  conditions  can  be  considered  as  the  boundary  condition  of 
the  task  of  Riemann  -  Gilbert /Hilbert  with  the  discontinuity 
coefficients  for  function  r  =■ 

a  (<P)  Ij-  +  *  (9)  ^  ^  (Vh 

WK«r«  asO  with  -l/k<0<-l  and  a>l  on  the  remaining  part  of  the  real 
axis;  b»0  everywhere,  besides  cutting  off  -l/k<e<-l,  where  b«l,  and 
cutting  off  l<(p<l/k,  where  b  [r(9)]  it  is  defined,  as  noted  above. 

c(e)  *C,5(e-e,),  Cj«const  to  us  is  known.  The  obtained  task  with 
the  discontinuity  coefficients  is  reduced  to  the  task  with  the 
continuous  coefficients  by  the  introduction  to  new  unknown  function 

f.H: 

r  («)  =  r,  («»).  Q  {«).  rae  U  (w)  =  [(9  -f  1)  (hf  f 


Page  162 
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I 

For  function  r,  (..■)  we  will  obtrin  boundary-value  problem  with  the 
continuous  coefficients:  ai**!,  b^-b  [r ,  (4>)]  with  li<<?<l/k  and  b«0  out 
of  this  segment.  It  is  ea.sy  to  perceive,  that  the  index  of  function 
a^-t-ibi  is  equal  to  zero.  The  solution  of  initial  problem  we  obtain  in 
the  form 

r  (u.)  =  /po  (<»)  exp  F  (u>)  (I  +  ^-(fB  —  f)l. 

F  =  arc  IgA  U  ff)!  ^  ^ 

(L  -  it  is  known);  constant  /3  is  determined  from  the  second  boundary 
condition. 

Hence  by  integration  we  obtain  solution  for  the  pressure 

'  <e  '*  —  -  -  ^  ^ 

p  =  Imfi  ^  r  (lu)  rfiaj  =  Im  I —  ^  |  Q  (u))|exp  (<  arg  12  (u>)  -j-  F  (w)]  X 

v>«  <«>• 

x[l  +;^]du*  }  + 

p.  -  here  known  pressure  at  any  point  u,.  Calculation  formula  is 
obtained  by  the  distribution  of  the  alleged  and  real  parts  of  this 
expression.  According  to  the  Sokhotskiy  formulas  it  is  easy  to  obtain 
the  distribution  of  pressure  at  the  wall  and  the  impact  front,  and 
also  the  form  of  this  front. 
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Wave  field,  which  arose  fr'’'in  the  interruption  of  continuity  on  the 
interface  of  two  elastic  media  (two-dimensional  problem). 

L.  M.  Flitman. 

The  elastic  medium,  comprised  of  the  half-spaces  with  the 
different  elastic  properties  and  the  densities  to  t*0,  was  found  in 
the  uniform  stressed  state  and  in  the  rest. 

With  t«0  on  the  interface  is  cracked  of  tangential 
interruption/discontinuity  on  surface  of  which  remain  continuous  the 
normal  components  of  displacement  and  stress/voltage. 

Let  us  introduce  rectangular  coordinate  system  (x,  y),  directing 
X  axis  along  the  interface.  Task  is  reduced  to  the  construction  of 
the  solution  of  the  dynamic  equations  of  the  theory  of  the  elasticity 

(li  +  2m)  gr«d  <liT  V(  —  )i<  rot  rot  ui  =.  Pf  ,  i  =«  1, 2, 

i»l  for  y>0  and  i-2  for  y<0, 

X  and  tf  -  coefficients  of  Lame,  u  -  displacement  vector,  projection 
on  X  axis  and  in  which  are  u  and  v.  Initial  conditions  are  zero.  With 
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y«0  condition  they  take  the  form 

J^t  =  3nr«  =  —  '^txu 

(—  30<X<»), 

Furthermore,  on  crack  (r,—  shearing  stress,  available 

of  up  to  the  interruption/discontinuity),  out  of  crack  Ui«u,. 

Cracks  are  examined  two  kinds:  either  semi- inf inite  y*0,  x>0, 
that  is  formed  instantly  or  growing  with  a  constant  velocity  C  from 
point  x*0,  y«0. 

In  the  tasks  of  stress/voltage  and  speed  of  displacement  in 
question  there  are  similar  functions  of  the  zero  kind  of  coordinates 
and  time.  This  makes  it  possible  to  use  the  method  of  the 
functionally  invariant  decisions  of  Smirnov  -  Sobolyev. 

Page  163. 

All  unknown  functions  are  expressed  as  one  analytic  function, 
which  is  the  solution  of  the  problem  of  Gilbert/Hilbert.  Is  obtained 
exact  solution.  Are  investigated  the  frontal  zones  of  waves. 

As  a  special  case  is  examined  wave  field  from  the  crack  of 
tangential  interruption/discontinuity,  which  was  being  formed  along 
the  rigid  boundary. 


DOC  =  82036011 


PAGE 


13.  Regions  with  the  uneven  boundaries.  Sommerf i eld's  integral. 

On  the  smoothness  of  the  solutions  of  elliptic  equations  in  the 
regions  with  the  angular  and  conical  points. 

V.  A.  Kondratyev. 

We  will  examine  the  solution  of  the  equation 

n  •  3 

2  (*)  +  S  +  eu  =  f  (1) 

in  G  region  which  becomes  zero  on  boundary  r  and  it  belongs  to  space 
W*,(G}.  We  will  consider  that  equation  (1)  -  elliptical  equation  with 
the  infinitely  differentiated  coefficients,  and  we  will  study  a 
question  about  the  smoothness  of  solution  u(Xx,  x,,  x,)  in  closed 
domain  G  depending  on  smoothness  f  and  on  the  structure  of  domain  G. 

Let  us  assume  first  the  boundary  of  domain  G  is  infinitely 
differentiated  everywhere,  besides  a  finite  number  of  conical  points. 

Point  (0,  0,  0)  is  called  conical,  if  in  certain  vicinity  its 
equation  of  bounding  surface  takes  the  form 

I '  t/ , 
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where  SotjXiXj  —  positive-definite  square  form. 

It  is  proven,  that  if  /6Wt.  the  solution  in  vicinity  (0,  0,  0) 
is  represented  in  the  form 

u  ==  2  (•“*'■)  (T.  6)  +  (*i  (2) 

2  '“3 

where  u>  function  <i»„*(<p.e)—  the  infinitely  differentiated 

functions  of  polar  coordinates,  A,™  —  certain  set  of  real  numbers 
which  is  uniquely  determined  by  values  ao  (0),  aij.  Studying  dependence 
Ai  on  <n>(0),  a,/,  it  is  possible  to  show  that 

1  ^  tr  ■  t  “*♦)  /.Ik 

mia  An  >  a:  •  W  . 

—Hi 

where  K  -  constant,  which  depends  on  a.j (0.0,0).  Expansion  (2)  and 
inequality  f3)  show  that  with  the  infinitely  differentiated  right 
side  the  solution  is  not  infinitely  differentiated,  but  smoothness 
increases  with  the  decrease  of  the  solution/opening  of  cone. 

It  is  possible  to  show  that  if  then  so  that  the  solution  u 

would  belong  W*,,  it  is  necessary  and  sufficient  so  that  the 
solution/opening  of  cone  would  not  exceed  2x. 


Page  164. 
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Let  boundary  r  consist  of  two  surfaces  I'l  and  l\.  which 
intersect  along  line  1.  Intersection  angle  of  their  w(s),  where  s  - 
parameter  on  curved  1.  It  shows  that  if  /eA-i.  then  so  that  would  occur 
insertion  is  necessary  and  is  sufficient  executing  of 

inequality  u(s)  At  the  same  time  it  is  possible  to  show  that  if 
(j(s)  then  solution  has  first-order  derivatives,  continuous  up  to 
the  boundary.  If  u(s)>v,  then  this  is  erroneous. 

Is  stiidied  also  the  smoothness  of  the  solution,  which  satisfies 
' 

conditions;  Mi|,  =  0.  =  <>•  It  is  shown  that  if  /tl'i.  «>(*)<  •*». 

the  such  solution  belongs  to  class  .  Without  changing  inequality 
u(s)  <t ,  larger  smoothness  than  cannot  be  attained  not  with 

what  smoothness  f. 
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Diffraction  on  the  polygons  and  the  polyhedrons. 

V.  A.  Borovikov,  A.  F.  Philipp. 

Formulation  of  the  stationary  and  unsteady  problems  of 
diffraction. 

Connection/communication  between  the  asymptotic  with 
k-><»  function  of  Green  of  stationary  task  and  the 

interruptions/discontinuities  at  the  wave  fronts  of  Green’s  function 
unsteady  task.  Ray  expansions. 

Principle  of  locality  for  the  wave  equation  and  its  role  in  the 
determination  of  Green's  function  unsteady  task.  Green's  function  of 
unsteady  task  in  the  angular  range.  Concept  of  secondary  cylindrical 
wave. 


Green's  function  for  the  polygon.  Propagation  of  wave  fronts. 
Concept  of  optical  path.  Cylindrical  waves,  which  arose  as  a  result 
of  repeated  diffraction  at  the  apexes/vertexes  of  polygon. 

Formulas  for  the  ray  resolution  of  secondary  cylindrical  wave. 
Recursion  formulae  for  the  ray  resolution  of  cylindrical  wave,  which 
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corresponds  to  this  optical  path. 

Straight/direct  formulas  for  the  ray  resolution  of  such  waves 
and  their  integral  representation. 

Region  of  peniunbra.  Quasi -ray  expansions.  Region  of  penumbra  in 
the  distant  zone.  Fresnel's  integrals  and  their  unsteady  analogs. 

Three-dimensional  tasks.  Diffraction  of  plane  wave  at  the 
polyhedral  angle  and  reducing  of  this  task  to  the  equation  of 
Laplace. 

Representation  of  Green’s  function  for  the  polyhedral  angle  by 
the  explicit  formula  through  the  solution  of  the  corresponding 
problem  of  diffracting  the  plane  wave. 

Green's  function  for  the  dihedral  angle. 

Green's  function  for  the  infinite  prism.  Concept  of 
spindle-shaped  wave.  Recursion  formulae  for  the  ray  resolution  of 
such  waves. 

Green's  function  for  the  polyhedron. 
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Electromagnetic  task  of  diffracting  the  plane  wave  on  the  cone. 

Unresolved  tasks  and  prospect.  Green's  tensor  for  the 
electromagnetic  task  of  diffraction  on  the  polyhedral/multifaceted 
and  on  the  dihedral  angles.  Asymptotic  behavior  of  Green's  function 
unsteady  task  with  t->*.  Incidence  in  the  plane  wave  on  the  open 
end/lead  of  the  waveguide. 

Limits  of  the  applicability  of  the  theory  presented. 
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Diffraction  from  the  half -plane  of  waves,  formed  on  the  surface  of 
liquid  and  on  the  interface  in  the  laminar  liquid  by  the  periodically 
functioning  source. 

S.  S.  Voyt. 

Half-space  z<0  is  filled  with  the  liquid,  which  consists  of  the 
layers  of  the  liquid  of  density  Px,  that  floats  on  the  surface  of  the 
infinitely  deep  homogeneous  liquid  of  density  p.  In  the  liquid  is 
immersed  the  flat/plane  semi-infinite  vertical  wall  whose  vertical 
boundary  coincides  with  axis  Oz,  and  horizontal  -  with  axis  Ox. 

Page  165. 

Is  studied  wave  diffraction,  which  are  formed  on  the  floating 
surface  and  the  interface  as  a  result  of  acting  the  periodic  source 
with  the  frequency  v,  that  is  located  in  the  thickness  of  liquid. 

The  task  in  question  is  the  generalization  of  the  work  of  the 
author,  carried  out  by  it  earlier  for  the  case  of  homogeneous  liquid 
(applied  math,  andmech.,  Vol.  25,  ]o.  2,  1961). 
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In  the  present  work  the  solution  is  constructed  also  by 
Sonunerf ield’s  method  and  is  produced  the  asymptotic  analysis  of  the 
obtained  formulas  for  the  wave  amplitudes  on  the  floating  surface  and 
the  interface. 

Are  investigated  different  cases,  when  source  is  located  in  the 
upper  layer  and  in  the  thickness  of  infinitely  deep  liquid. 

It  shows  that  the  part  of  the  increase,  obliged  to  diffraction, 
consists  of  two  systems  of  waves.  The  waves  of  the  first  system  have 
larger  amplitude  on  the  floating  surface,  while  the  waves  of  the 
second  system  have  larger  amplitude  on  the  interface,  the  ratio  of 
the  amplitudes  of  the  second  systems  of  waves  growing  with  the 
decrease  of  the  difference  in  the  densities  of  upper  and  lower 
liquid. 

Are  indicated  the  boundaries,  in  which  are  applicable  different 


asymptotic  expressions 
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Diffraction  of  ground  wave  with  oblique  incidence  on  the  fracture  of 
impedance  plane. 

M.  S.  Bobrovnikov,  V.  N.  Kislitsyn,  V.  G.  Myshkin,  R.  P. 

Starovoytova . 

Is  examined  the  task  about  the  diffraction  of  the  scalar  surface 
ground  wave,  which  encounters  on  one  of  the  faces  to  the  edge/fin  of 
impedance  wedge  at  angle  9*,  The  three-dimensional  function,  which 
describes  field,  is  sought  in  the  form 

u  (r,  9,  x)  =  R  (r,  9) 

The  edge/fin  of  wedge  coincides  with  z  axis  of  cylindrical  coordinate 
system  r,  9,  z;  /Sf  -  delay/retarding/deceleration  on  the  face, 

on  which  attacks  the  wave;  /3_  -  delay/retarding/deceleration  on  the 
second  face. 

Function  R(r,  9)  in  wedge  regioh.r>  0,  —  (l><9  <  6  satisfies  wave 
equation  ^1/? +T*>?  =  0.  on  the  faces  -  to  boundary  conditions 

tTsin  d-A  =  0,  (9  =>  ±  O)  and  it  can  be  represented  with  the  help  of 
Sommerfi eld's  integral  as  with  normal  incidence  (9^0)  in  the  wave  on 
the  edge/fin  of  the  wedge: 

(»■.  9)  =  7^ J  (o  +  9,  »  .  «I>)  da. 


(1) 
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where  r  =  kV i  —  pV sin*0:  sin  —  some  equivalent  impedances  of 

faces,  -  positive  real  numbers,  characterizing  the  purely  reactive 
impedance  respectively  of  the  first  and  second  faces  with  normal 
incidence  in  the  ground  wave  on  the  edge/fin  of  wedge  and  connected 
with  the  delays/retardings/decelerations  with  relationship/ratio 


Function  .S'(a  -  (p.  <U)  is  found  from  the  functional  equations, 

which  are  obtained  as  a  result  of  substitution  (1)  into  the  boundary 
conditions. 

Page  166, 

Here  values  i'  and  a  in  contrast  to  the  normal  incidence  are  the 
functions  of  angle  of  incidence  This  fact  leads  to  some  special 
features/peculiarities  in  the  behavior  of  wave  field. 

With  a  change  of  the  angle  of  incidence  in  the  interval 
0^9$9i«arcsinl//3^  the  diffraction  of  ground  wave  with  oblique 
incidence  qualitatively  barely  differs  from  diffraction  with  normal 
incidence  (F«0).  But  when  r*<0(9>9,)  the  domain  of  existence  of 
integral  (1)  will  be  changed.  As  this  follows  from  the  analysis  of 
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1 

solution,  sky  wave  in  the  direction,  perpendicular  to  the  edge/fin  of 
wedge,  it  proves  to  be  that  not  running  and  is  the  field,  localized 
near  the  edge/fin  of  wedge.  In  this  field  of  ground  wave  on  the 
second  face  with  Qf$Q_  it  will  be  that  extending.  But  in  the  case  of 
Q^>Q^  and  "p<0  in  the  interval  of  angles  of  incidence 
ir/2>8>8,“arcsin/5_/^^  ground  wave  on  the  second  face  will  not  transfer 
energy.  This  field  also  is  localized  near  the  edge/fin  of  wedge. 

Thus,  in  the  latter  case  the  incident  ground  wave  will  be  reflected 
completely,  analogous  with  the  total  reflection  of  plane  waves  upon 
transfer  of  optically  the  more  solid  medium  to  optically  less  dense. 

For  the  ground  waves  with  oblique  incidence  on  the  edge/fin  of 
wedge  with  the  jump  of  impedance  it  is  possible  to  speak  about  the 
analog  of  the  Snell  laws  for  these  waves.  The  angle  of  refraction  not 
depending  on  the  flare  angle  of  wedge. 

Further  during  inclined  incidence  in  the  ground  wave,  as  with 
the  normal  incidence,  there  is  such  series  of  flare  angles  of  wedge 
2a>  =  5j-  {n«l,  2,  3  ...),  in  which  the  ground  wave  will  be  completely 
reflected  at  any  angles  of  incidence  9. 

Are  calculated  the  graphs  of  the  coefficients  of  reflection, 
passage  depending  on  angle  of  incidence  for  the  series  of  the  flare 
angles  of  wedge  2<D=»^,  .*i,  0.4  v. 
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Excitation  of  electromagnetic  horn  by  flat  wide  waveguide. 

V.  V.  Mai in,  Ye.  I.  Nefedov. 

1.  Electromagnetic  horn  is  one  of  basic  elements  of  broadband 
trunk  line  of  communications  (so-called  quasi-optical  line). 
Therefore  the  electrodynamic  calculation  of  horn  is  appropriate. 
Below  we  will  consider  the  method  of  the  construction  of  Green's 
function  of  the  system,  which  consists  of  the  horn,  excited  by 
flat/plane  waveguide.  The  case  when  horn  is  degenerated  into  the 
infinite  flang-^  of  flat/plane  waveguide,  is  a  special  case  of  the 
present  of  tasks. 

2.  Let  us  assume  flat/plane  (d/dz*0)  wide  (ka»l,  k«2*/X  -  wave 
number,  a  -  width  of  waveguide)  waveguide  (xe  I— °o..O])  at  points  0  and 
O'  have  fractures  to  angle  -•—(>,  i.e.,  it  passes  into  horn.  Of  the 
surfaces  of  the  angular  ranges,  which  form  system  waveguide  -  horn, 
let  us  designate  through  and  S,.  To  the  left,  from  the  side  of 
waveguide,  on  the  horn  falls  one  of  its  own  waves  of  flat/plane 
waveguide  Ui  =  exp  {i7i,jr}.  Temporary/time  dependence  is  selected  in 
the  form  exp  {  -iwt  }. 
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The  complete  field 

«,  =  «li  +  u 


(1) 


satisfies  the  equation  of  Helmholtz 

(A  +  fc*)u,(r)  =  0. 

('  =  {r,  q))). 


(2) 


to  Oirichlet  boundary  condition  (for  the  certainty) 

«,(r)|^  =  0,\S  =  .S,  +  5,  ■  (3) 

and  to  the  principle  of  Poch-Malyuzhints  extinguishability. 

»i(ro,  *)<<x,  (4) 

For  the  solution  of  problem  we  will  use  Green's  formula 

^  (udr  -  TAw)  <iF  =  J  (Fu,  -  ufn)  df,  (5) 


where  n  -  internal  to  the  V  standard/ normal.  As  function  r(r,^r«)  let  us 
take  Green's  function,  which  satisfies  the  nonhcxnogeneous  equation  of 
Helmholtz 

LT  (r,  rj  =  (A  +  *•)  T  (r,  r.)  -  «  (r  -  r,)  (6) 

and  boundary  condition  r  (r,  rj  »  0,  re  •S'. 


Substitution  (5)  and  (4)  leads  us  to  the  following 
relationship/ratio: 

“  (»•)  5  '•)  ^* 


(7) 
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which  gives  complete  solution,  if  is  known  the  function  of  Green 
r  (r,  r,)  of  task  (6|^in  question. 

3.  For  construction  of  function  r  (r,  r#)  we  will  use  method  of 
consecutive  diffractions  which  had  extensive  application  in  theory  of 
wide  waveguides,  and  also  by  fan- junctions  of  Green  r,,*  (r,  r,)  of  wedge 
regions  S^., . 

Let  us  assume  rji(r,  r,)—  the  solution  of  the  following  task 
LFa  (r,  r*)  =.  «  (f  -  r#),  Ta  |  s.  =  0  (8) 

anoL 

/Represent  Green's  unknown  function  in  the  form  r=ra  +  <p.  Is  obvious 
that  L^««(r-r,)  satisfies  the  boundary  conditions:  (a)  q)ls,  =  0,  (b) 

9  —  Ta Is.- We  will  seek  the  solution  for  (p>  which  satisfies  only 

condition  (b) ,  and  let  us  designate  this  solution  through 
Ti*  =  S  Since  r„  condition  (a)  does  not  satisfy,  then  r„  +  r„  is 

not  a  solution  of  task  r.  Therefore  further  again  we  write/record, 

then  r  =  Ta  +  r„  +  9  o/vci.  (•')9|s.  =  —  Tuls,.  (<5')9s.  =^-  4nd  we  again  seek 
the  solution  for  9,  which  satisfies  only  condition  (a').  We  will 
obtain  r,!  =5  r;  and  so  forth. 

The  general  solution  for  r  (r^r,).  thus ,  will  be 

GO  -  '  -  - 

r  (r,  r.)  =  2  (r,a  +  r„,),  (9) 


where 
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r„i  =  —  5  Ti  rt  >  2, 

r,i3  =  —  $  n  ^  1. 

Page  168. 


(10; 


Using  Green's  function  (9),  (10)  and  taking  ihto  account  (7),  it 
is  easy  to  obtain  the  solution  of  the  problem  of  diffraction  for 
incident  field  The  solution  of  the  problem  of  diffraction  in  this 

case  takes  the  form 

.V  -  ** 

n,  —  «i  T-  ^  («r.i  -r-  Urtj).  (11) 

where 

-» 

“ti  (^o)  =  J  «1  I.J  (r)  r,  (r.  rj  dr,  r  t-  .S’j, 

■^O 

“xi  (fo)  =  5  i.i  (r)  r,  (r,  r,)  dr,  Sj, 


moreover  here  u„  =  a  =  ,Jii,(r)r;  (r,  ro)dr, 

« 

The  posed  problem  in  general  form  is  solved  by  formulas 
(9)-(12),  that  present  field  at  the  arbitrary  point  r,. 


In  the  report  are  examined  different  representations  of 
solution,  and  also  are  considered  data  of  some  numerical 


calculations. 
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One  method  of  solving  the  functional  equations  of  Malyuzhints  for 
some  special  cases  of  diffracting  the  plane  acoustic  wave  in  the 
touching  liquid  and  elastic  wedges. 

V.  Yu.  Zavadsky. 

Malyuzhints  [1],  [2],  [3]  proposed  and  developed  the  method  of 
the  solution  of  the  problems  of  diffraction  in  the  angular  ranges, 
applied  to  the  wedge  of  arbitrary  solution/opening  with  the  ideal  and 
impedance  faces,  to  the  sector  media,  which  present  the  system  of 
wedges  with  one  common  edge/fin  and  general/conunon/total  faces,  to 
the  elastic  wedges.  This  method  is  based  on  the  representation  of 
field  in  the  angular  range  with  the  integral  of  Sommerfield  and 
reduces  the  task  of  diffraction  to  the  functional  equations  for  the 
integrands.  The  solutions  of  functional  equations  were  obtained  in 
many  interesting  cases.  However,  for  the  series  of  problems,  in 
particular  for  the  sector  media,  comprised  of  the  wedges  with  the 
different  speeds  of  sound,  equations  were  not  solved.  The  variable 
coefficients,  which  figure  in  the  functional  equations  in  this  case, 
impede  the  use  of  known  methods  and  integral  transforms  of  the  type 
of  Fourier,  Laplace  for  the  determination  of  the  solution  of 
equations.  In  the  reported  work  examined  one  generalization  of  the 
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integral  Laplace  (Fourier)  is  proposed  the  method  of  solving  the 
equations  of  Malyuzhints  for  the  tasks  of  diffraction  in  the  touching 
angular  ranges  when  several  wedges  have  one  common  edge/fin  and 
general/common/total  internal  faces,  on  which  the  pressure  and  normal 
speed  are  continuous.  On  the  external  faces  are  examined  uniform 
boundary  conditions  of  the  type  of  the  Dirichlets,  Neumann. 

In  the  work  is  used  the  representation 

+m 

3(a)=  J 
—00 

(3  («)-?•  <(<*,?)), 

which  is  the  generalization  of  Laplace’s  bilateral  integral  [4] 
(Fourier)  and  represents  the  function  of  one  argtunent  ff(o)  through 
the  function  of  two  arguments  t(a,  p) .  If  t(a,  /3)  does  not  depend  on 
a,  then  this  representation  passes  into  Laplace's  integral. 

Page  169. 

Convenience  in  this  representation  lies  in  the  fact  that  in  some 
tasks  function  t(a,  p)  it  is  possible,  without  coming  into  conflict 
with  the  conditions  of  task,  to  consider  it  periodic  on  the  argximent 
a,  while  function  ff(a)  is  not  periodic.  For  example,  if  a(a) 

satisfies  the  functional  equation 

a{a)=i  q  (a)  o  (a  +  0))  -f  /  (a), 
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where  q(a)»q(a+jr)  -  periodic  function  with  the  period  v,  f(o)  is 

dO 

represented  in  the  form  /  (a)  =  ^ /■  0)  A  sufficient  condition 

—oo 

for  S(a)  on  the  left  side  of  representation  S(o)*T  (a,  /J)  was 
converted  into  zero,  is  inversion  into  zero  for  any  a,  p  function 
T(a,  /3).  Then,  after  using  representation  ff(a>?t(a,  j8),  we  obtain  for 
t(o,  j3)  the  equation 

'  t  (*,  p)  =  ^  («)  e~^t  (a  +  +  F  (P). 

The  solution  of  this  equation  can  be  registered  in  the  form 

oa  k 

where  L®  (a)  4- S  n  ?  O*'  the  basis  of  the  fact  that 

JkxsA  W-mA 

q(a)«q(a+ir) ,  function  W(9(a)e-««|  is  periodic  with  the  period  ».  In 
special  cases  (assuming  that  the  series/ row  descends,  for  example, 
when  I  f  (a^*},  <  f,  —  oo  <  »  <  +  «>,  <Iip  >  0).  we  have 

1+  S 

L^jn[q{a)V<^\ - ^ - .  (;«,/==  1,2...). 

'  l-n  j  »  + 

Function  t(a,  /3)  has  also  a  period  x  in  the  argiiment  a,  i.e.,  the 
same  as  coefficient  of  q(a)  in  the  initial  functional  equation.  This 
fact  makes  it  possible  to  use  a  representation  9(a)>t(a,  /3)  during 
the  solution  of  functional  equations  with  the  periodic  coefficients 
of  sufficiently  general  view  and  to  find  the  solutions  of  some 
problems  of  diffraction  in  the  wedge  regions. 
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One  of  the  tasks  of  such  type  is  the  following.  In  the 
cylindrical  coordinate  system  (r,  d,  z)  we  examine  the  case  of  wave 
motion  when  sound  pressure  harmonically  depends  on  time  and  does 

not  depend  on  coordinate  z.  Are  examined  two  homogeneous  isotropic 
media  by  density  p,  p^^i  p»mpi)  and  by  speed  of  sound  c,  c,(c»nc,), 

the  filling  respectively  two  wedges  with  the  aperture  angles 

d),  ;  0  <  0  <  <P;  -  (D,  .-g;  0  <  0. 

Page  170. 

The  acoustic  pressures  p,  Pi  in  the  wedges,  which  satisfy  wave 
equations  (d+k*)p«0,  (A+k*n*)pi»0,  are  represented  by  Sommerf ield's 
integrals; 

S  (a)  rfa  (0  <  <  (V.  n  r oo); 

(»)  rf*  (—  (l>,  <  0  •  "  0.  0  ^  r  <oc). 

■f 

where  y  -  Sommerf eld  duct/contour  of  the  integration  on  the  plane 
a«Re  a-t-i  Im  a.  As  the  incident  wave  is  chosen  the  plane  wave  of 
single  amplitude' e-**'''” falling  from  infinity  (r«*)  to  edge/fin  r»0 
of  wedge  Ip,  c)  at  angle  <^,<0<^o<^P)  to  the  general/common/total  face 
of  wedges  ♦■0.  On  the  general/common/ total  face  of  wedges  with  d«0 
the  pressures  and  normal  speeds  are  considered  continuous.  External 
faces  when  d  =»  (!>,  »  =  _  are  assumed  to  be  free  ones,  and  on  them 
pressure  must  become  zero.  From  the  properties  of  Sommerf ield's 
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integral  [1]  it  follows  that  for  satisfaction  of  the  enumerated 

conditions  function  s(a)  must  have  a  special  feature/peculiarity  of 

form  1/a— d,  in  band  0  -^Rea<(I>,  function  s,(  o)  must  be  regular  in 

band  -  ‘l)<Re3t<0  and  s(o),  s^ia)  must  satisfy  the  system  of  the 

functional  equations 

s  (a  4  <P)  =  s  (—  a  +  <D):  (a  —  (D^  =  (—  a  —  <»,); 

s(x)  —  s  (—  a)  =  T  (a)  {«,  Iq)  («))  —  *,  [—  (p  (a)!}; 
s  (a)  4-  s  (_  a)  =  m  [q)  (a))  +  [_  q)  {a)lj. 


where  qi  (a)  =  arc  cos'-^^  — the  branch  of  the  multiple-valued  function 
arc  cos  (cos  o)/{n) (branch  point  o“+-arc  cos  n+k»  (k-0,  +-1  ...) 


are  connected  in  pairs  by  sections/cuts) ,  that  satisfies  condition 
<p(a)«a  with  n*l,  t (a)  == Functions  q>(a),  r(a)  possess 
properties  [1]:  e(~a)«-e{a) ;  r(-o)  »r(o);  cp  ( o+ir ) -e  ( o )  r  (o+ir)«r(o) . 

Functional  equations  for  s(o),  Si(a)  are  a  special  case  of  functional 
equations  for  sector  media  [1]. 


We  use  for  s(o),  Sj(o)  representations  s(o)»t(o,  jS);  Si  [<p(a)] 
yti(o,  p)  and  we  will  consider  that  --f- /  (/ =»  1,  2,  3).  Continuing 
representation  s(a)«t(a,  p)  for  the  pole  o«e,,  we  will  obtain  by 
analogy  with  the  results  of  work  [1]; 

4-'oo 

»  (a  +  (P)  =  5  (a  +  ‘P.  P)  -!-  <r«3  dp. 


Since  ria)  *T(o+ir),  then  functions  t(o,  p) ,  t,(o,  p)  have  on  a  the 
period  k.  Taking  into  account  everything  said,  we  will  obtain  for 
t(a,  p) ,  ti(a,  p)  the  functional  equations: 


DOC  *  82036011 


PAGE 


whence 


[{ (a  +  0),  P)  +  e5“*l  e-®.’  =  [t  (—  a  +  <1>:  -  P)  +  <r»".l  e**; 

<i  (a.  P)  =  (-  «.  -  P^ 

t  (a,  P)  —  «  (—  a,  —  P)  =  T  (a)  [tj  (a,  P)  —  (—  a,  — p)l; 

t  (a,  P)  +  «  (—  a.  —  P)  =  m  U,  (a.  P)  +  t,  (—  a,  —  p)l, 

t  (a.  p)  =  U  (a+2(I>,  p)  +  26-®®  ah  p  (O.-O))  ’ 


The  solution  of  latter/last  equation  can  be  registered  in  the  form 


t  (a.  p)  =  2«®f>9hp  (do-®) 


m —  t  (a)  th  iPiS 
Bi  4- 1  (a)  th  OhS 


Page  171. 


If,  for  example,  d)  =  d),  = -i ,  then 


2sh3(d«— a/2)[mcli-^3  — T(a)  sh-T-sl 

<(«.  P)= - ^ ^ 


(m  +  Tta)]  sbn3 


whence 


*(a) 


C09 

sin  a  —  sin  d# 


—  T  (a) 
"» -r  T  (a) 


eosdgff 

sin  a  4-  sin  e»  ' 


The  poles  of  function  s(o),  located  in  band  -  »<o<»  with  o«+— d, 
a— •— (x-d,),  make  it  possible  to  compute  the  integral  of  Sommerfield 
and  to  obtain  field  in  wedge  (0,  x/2)  in  the  form  of  the  sum  of  four 
plane  waves. 


If  we  assiime  that  on  face  the  pressure  is  equal  to 

zero,  and  on  face  d  =  — normal  speed  becomes  zero,  then. 
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functioning  similarly,  we  will  have 

j  r  (»-<»>]  — ^  («-<«)] 

=  '  sin(».+  a) - + 

•  sin  — - —  («  — 19)  sm - - - («  —  ] 

aSTeT+’a)  ^  ,  sin  (d»  —  a)  J  ’ 

where  T  COS/,  =  T  (0 <«,<«).  Terms  (by  way  of  recording)  have  pole 

with  a=-*r+d,;  o=— ft,;  a*ir-ft,;  o»ft,. 


The  method  proposed  makes  it  possible  to  solve  the  systems  of 
the  Malyuzhints  functional  equations,  which  correspond  to  diffraction 
in  the  wedge  of  arbitrary  aperture  angle,  to  both  faces  of  which 
adjoin  the  wedges  with  the  aperture  angles,  multiple  ir/2,  in  the 
liquid  wedge  (or  two  wedges)  of  arbitrary  aperture  angle,  which  lies 
on  the  elastic  half-space,  and  also  when  four  rectangular  wedges  are 
in  contact  by  faces  and  have  one  common  edge/fin. 
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Page  172. 

14.  Use  of  particular  solutions  of  special  form. 

Green  tensor  functions  of  Maxwell  equations  for  tube  domains. 

B.  A.  Panchenko. 


The  solution  of  the  equations  of  Maxwell 

T  X  FI  =1  /<oeE  +  j'.  -  V  X  E  =  f  (1) 

in  certain  region  it  is  possible  to  represent  with  the  help  of  the 
tensor  functions  of  Green 


(2) 


K('’)  “  \  '■jj  (r,  r')  j''(r')|  f/p', 

I 

Jl  tri  --  5  [r.,,  (r.  r’)j’(r')  -{■  rjj(r,  r')  j" (r')  1  f/i’. 

V  -  the  volume  of  the  distribution  of  outside  currents  f  and  j". 


Depending  on  the  calibration  of  field  it  is  possible  after 
substitution  (2)  in  (1)  to  obtain  two  possible  representations  for 
tensors  r  (r.  r  >: 

j-  =  (k-  (•  --  \\ )  <;■.  r„  =  —  V  6'' 

*  "  /UH!  ” 

fr  =  <I»  y  eft,  (•  —  e.1.  TUH:ni|» 

l  „  -  V  0\  r„  -  ~  VV)(;r 


(■1) 
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Key:  (1).  un.  tensor. 

I  II  =  —  /uHMii'*  r,i  ^  —  V  X 
r-i  ^  V  X  r,,  ^  —  /orto)*. 

Functions  and  satisfy  in  this  case  the  affinor  equations  of 
the  following  form 

^*G  (r.  r')  +  k\,  (r.  r')  =  -  A  (r  -  t')  e.  ('0 

Further  is  examined  the  solution  of  equations  (4)  in  the  systems  of 
orthogonal  coordinates  for  which  one  of  the  axes  is  Cartesian. 
Functions  c  and  c"  are  decomposed/expanded  in  the  series/row 
according  to  the  vector  eigenfunctions  of  the  homogeneous  vector 
equation  of  Helmholtz  -  U...  and  Functions  and  (•;*  are 
decomposed/expanded  along  systems  and  N,„»  and  are  called 
transverse.  For  example,  expansion  g>  takes  the  form 

G*  (f,  r  )  2  tjm  U)  X"»  li*  )• 

X  lag  X  Vl^Mi  (f')1  turn  +  (01  I^Xtpm  (f  )l  (5) 

where  a*  *•  unit  vector  along  the  Cartesian  axis  (axis  Oz); 

V  -  -  curvilinear  coordinates  in  the  cross  section 

of  the  region  in  question  with  Lame's  coefficients  h^  and  h,; 
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functions  X«n  and  t|w  are  the  mutually  orthogonal  their  own  scalar 
functions  of  the  two-dimensional  equations 

(CiCf)  (^n)*  Xmn  (CiCl)  =  0.  (CiCt)  +  (^mn)*  (ClCt)  “  ®* 

On  the  conducting  boundaries  of  the  region  must  be  implemented  the 
boundary  conditions 

aJU  and  a!1,„  -  the  norm  of  eigenfunctions;  functions  and  /Tmn  satisfy 
the  ordinary  differential  equations 

/™-  Y* „ /m«  =  -  A  («  -  z’)  Y„,  = 

Being  given  different  boundary  conditions  for  /mn  and  ^»m.  it  is 
possible  to  obtain  the  infinite,  semi-infinite  and  limited  regions 
along  coordinate  z. 

For  the  external  boundary-value  problems  when  the  domain  of 
definition  of  solution  is  unconfined,  the  spectrum  of  eigenvalues 

and  continuous.  Green's  corresponding  function  is  obtained  by 
the  replacement  of  series/row  in  (5)  to  the  integral  according  to  the 
wave  numbers. 

Page  173. 

After  are  found  the  components  of  tensors  g”  and  c"  or  c?  and 
G*.  tensors  r  are  determined  by  expressions  (3).  In  this  case  in 
general  form  it  is  possible  to  convert  (without  passing  to  the 
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concrete/specific/actual  coordinate  system).  As  a  result  are  obtained 
the  scalar  components  of  each  of  the  tensors  r.  For  example. 


l  d 


-h  «]a«  f.  .  .)  -f  »!•»  [.  •  -  I  + . +  Sfa,  [.  .  .)  -f-  a,a,>0> 

Are  determined  functions  Xm  and  tmm,  of  their  norm  and 

eigenvalues  for  the  numerous  regions  in  the  cylindrical  coordinate 
systems.  In  many  instances  instead  of  the  labor-consuming  integration 
of  the  squares  of  eigenfunctions  for  determining  the  norms  was  used 
the  method  of  Titchmarsh,  which  gives  the  expansion  of  arbitrary 
function  in  the  series/row  or  integral  of  orthonormal  sets  of  the 
functions  of  differential  equations  of  Sturm-Liouville's  type. 


The  method  of  Green’s  tensor  functions  gives  in  the  single  form 
solution  for  a  whole  series  of  the  internal  and  external 
electrodynamic  tas)cs,  which  have  wide  practical  use/application.  The 
symbolism  of  Green's  tensors  is  very  convenient  during  ccsnposition 
and  solution  of  vector  integral  equations.  At  the  variation 
formulation  of  boundary  problems  such  important  parameters  of 
electrodynamic  devices/equipnent  as  equivalent  resistance  and  the 
conductivity  of  heterogeneities  in  the  waveguides,  resonance 
frequencies  of  resonators,  impedance  characteristics  of  antennas, 
efficient  diameter  of  scattering  with  diffraction,  etc.,  are 
expressed  in  the  form  of  the  bilinear  functionals,  which  include 
Green's  tensors. 
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The  particular  integral  of  the  equation  of  thermal  conductivity  and 
equations  of  the  nonlinear  vibrations  of  anisotropic  bodies  with 
variable  physical  characteristics. 


L.  M.  Galonen. 


The  equation  of  the  thermal  conductivity  of  anisotropic  bodies 
with  the  variable/alternating  thermal  characteristics  is  given,  as  is 
known,  to  the  form 


<H 


(1) 


During  the  warm-up  of  humid  materials,  heating  of  metals,  etc. 
the  coefficients  of  thermal  diffusivity  a,  b  and  c  vary  with  a  change 
in  the  temperature  and  equation'  (1)  becomes  nonlinear. 


If  the  power  of  the  internal  thermal  source  f  is  also  function 
from  the  temperature,  then  for  finding  the  integral  of  equation  (1) 
let  us  replace  with  its  equivalent  system  of  equations  with  four 
unknown  functions: 


tht  fiu  du 


tiff  ^  thf  ftp  fi/ 

ifr  *  ftz 

•*>f  ,fT  itT  _  />/ 

thf  *  dz  '  tU  ' 


I 

K, 

Op  dT  ^  dq  !>/  ! 

*  Ot  Ox  ’  Oz  ily  *  ; 

i 

I 


Ci) 
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Page  174. 

Taking  those  integrals  of  system  (2),  for  which  functions  p,  q,  1  T 
depend  only  on  u,  and  joining  to  it  equation  in  total  differentials: 

du  —  fjdJC  gdy  Idz  -r  Tdl, 

and  integrating,  we  will  obtain  equation  for  determining  of  p,  and 
then  the  solution  of  equation  (1). 


In  particular,  for  the  unsteady  process  of  thermal  conductivity 
without  the  internal  thermal  source,  i.e.,  with  f«0,  solution  will 
be: 


’  II  (u)  a-6  (m)  ■ 

I  t  +  t 


y-  (») 


du  A  (ax  +  Pjf  -f  73  +  6<)  +  p. 


(4) 


The  integral  of  the  equation  of  stationary  task  with  the  source  takes 
the  form 


It  (u)  1-6  (u)  (u) 


■  du  =  X  +  ay  +  ‘?z  +  b. 


0) 


"  e  —  J  (a  -r  3**^)  / 

Constants  a,  r.  e>P  are  determined  from  the  boundary  conditions.  For 
example,  for  the  one-dimensional  stationary  task  with  the  boundary 
first-order  conditions 


II  (0)  =  u„  u  (ft)  =  ui 
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solution  will  be  obtained  by  exception/elimination  C  from  the 
equations: 


a  (u) du 


y  C  —  2  j'  a  (t»)/  (M)  Ja 


I 


iVC-2j«(u)/(u)<<»  J 

Analogously  is  solved  both  problem  with  the  boundary  conditions  of 
the  second  and  third  kind  and  also  task  with  the  nonlinear  boundary 
conditions.  Equation  (1)  can  have  periodic  solution,  if  5— m*.  Method 
is  applicable  to  the  integration  of  the  equation  of  the  nonlinear 
vibrations  of  the  anisotropic  media  of  the  form 

[»<“)£] + <») 

In  this  case  the  solution  of  unsteady  problem  with  p,  q,  1,  t,  which 

depend  on  u,  will  be 


^  [T*  —  a  (u)  —  0*6  (u)  —  3*c  (u)l  du  —  6  (x  +  »y  -f  Pz  +  -ft)  +  e. 

The  integral  of  equation  (6)  for  the  stationary  task  of  forced 
oscillations  under  the  action  of  force  f(u)  takes  the  form 
^  ^  ■**(»)  4- 3*t(«)  *1  =  X  4-  ay  +  Pz  -f-  6. 

The  periodicity  of  process  can  be  provided  with  the  appropriate 
selection  of  arbitrary  constants. 


Problem  with  the  boundary  conditions  is  solved  analogously  with 
the  equation  of  thermal  conductivity. 
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Page  175. 

Reasonings  easily  are  generalized  to  the  case  of  multidimensional 
region.  The  solution  of  the  problem  of  thermal  conductivity,  for 
example,  will  be  in  this  case 

n 

.  ) - rfi - =  *(  +  + 

1-1 
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The  independent  propagation  of  longitudinal  and  transverse  waves  in 
some  elastic  inhomogeneous  media. 

V.  Yu.  Zavadsky. 

In  the  Cartesian  system  of  coordinates  xyz  is  examined  the 

elastic  lamellar-heterogeneous  medium  in  which  the  density  p  and  the 

parameters  of  Lame  X,  u  are  changed  only  depending  on  coordinate  z  as 

continuous,  differentiated  at  least  twice,  function  p(z),  X(z),  fi{z) . 

Displacement  vector  U(x,  y,  z,  t)  is  considered  that  located  in  plane 

xz,  not  depending  on  y  and  depending  on  x,  t  according  to  factor  exp 

> 

[-iwt+i{x].  Accordingly  equalities  U  =  V(ji  +  V  x  (i|!ev>  are  introduced 
scalar  e  and  vector  >twv  the  potentials,  connected  in  accordance  with 
displacement  U.  in  longitudinal  waves  (VxU•=-0^  and  in  the 
transverse  ones:  u,  =  V  x  (’l'ev>(VU(  =>  0).  Moreover  u  =  u.  +  u,.  Longitudinal 
and  transverse  waves  correspond  to  the  strains,  connected  only  with  a 
change  in  the  volume  of  the  element/cell  of  medium  or  only  with  a 
change  in  its  form.  It  is  known  that  in  the  dynamic  theory  of  elastic 
media  the  method  of  the  representation  of  the  field  of  displacement 
in  the  form  of  the  sum  of  two  independent  fields,  which  relate  to 
different  types  of  the  strain  of  medium,  has  high  value.  In 
particular,  in  the  homogeneous  elastic  medixun  waves  of  both  types  are 
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propagated  independently,  interacting  with  each  other  only  on  the 
boundaries,  free  (rigidly  attached)  or  separating/liberating 
homogeneous  media  with  different  properties.  In  some  layered 
inhomogeneous  elastic  media  longitudinal  and  transverse  waves  are 
also  propagated  independently. 


In  the  reported  work  it  is  shown  that  in  the  elastic  mediim  with 
the  power  law  of  a  change  in  the  parameters  p,  m:p(z)*p{2, ) (z/z, ) , 
(z)*m(z,  )  (2/2, and  the  arbitrary  function  X(z)  (continuous  and 
differentiated  twice)  can  extend  such  transverse  waves,  which  are  not 
converted  into  the  longitudinal  ones.  In  this  case  the  potential  (p  is 
identically  equal  to  zero,  and  potential  S’  takes  the  form 


1|»  =  z 


L  »  '  t 


(2Es)  + 


.  i(-  2|2)j 


where  v  —  (z,)  (H  Wi,,,{x)  -  Whittaker  function;  Ci,  C,  - 

arbitrary  constants. 


The  opposite  case  when  Si  =  o,  ip^O,  is  also  feasible  for  some 
layered  inhomogeneous  elastic  media  with  the  continuous  and  twice 
differentiated  values  p,  X,  p.  Connect ions/ communications, 
superimposed  on  p,  X,  it,  are  reduced  to  the  equations 
^  »  a  =  const;  (X  4-  2(z) p'  —  2p'*  =  0  ('  =  A) . 

Under  these  conditions  the  potential  9  is  defined  as  the  general 
solution  of  the  differential  the  second  order  equation: 
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As  examples  are  examined  some  special  cases  of  the  elastic  layered 
inhomogeneous  media  in  which  one  type  waves  can  extend  without  the 
conversion  into  the  waves  of  another  type. 
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15.  Computational  methods. 


Development  of  one  computational  method  in  a  theory  of  diffraction. 


G.  D.  Malyuzhinets,  A.  V.  Popov,  Yu.  N.  Cherkashin. 


The  proposed  by  one  of  the  authors  [1]  method  of  calculating  the 
diffraction  fields  with  the  short  waves  is  based  on  the  nximerical 
solution  of  the  proposed  by  them  [2]  equation 


ik 


■)  <>“  4. 


+ 


t  r  a  /At  i?i«\  ■  d  />•  <>«\1 

nk,h^  L  <>n  Ua,  ’  ' 

of  that  describing  in  ray  coordinates  6,11,5  the  transverse  diffusion 

of  wave  amplitude  =  -  refractive  index,  k«w/c,;  c,  -  velocity 

of  propagation  at  the  point  where  is  arranged/located  source).  It  is 
obtained  by  the  rejection  of  the  corresponding  terms  in  the  precise 
equation 

/  !»u  au\  dlnuA-A. ,  1  r  ^  I  9  anvl  n 

( 1^)  +  — 5^' Ux,  dij)  +  5c  5C  )J  “  ° 


for  amplitude  u,  entering  the  expression  of  satisfying  equation  p  =  ut^^, 
Helmholtz's  wave  field 

Function  p  represents  only  one  of  the  components/terms/addends  of  the 
un)cnown  solution  of  diffraction  problem,  allowing/assuming 
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introduction  of  the  ray  coordinates,  to  which  value  is  the  main 
oscillating  factor  for  p  with 


Instead  of  equation  (1)  it  is  sometimes  more  convenient  (see 
below)  to  use  equation  [2,  3] 

for  the  "ray"  amplitude  (function  of  weakening),  obtained  from  (1)  by 
the  substitution 


u  = 


ynkjt^ 

In  the  case  of  two-dimensional  problem  when 


n  =  n  (6,  n),  Ac  *=  1.  If  ■■  0*  the  corresponding  terms  in  (1)  and  (2)  vanish. 


For  the  amplitude  of  field  in  the  shadow  zones  after  the 
caustics  occur  the  analogous  differential  equations,  registered  in 
the  complex  ray  coordinates. 


Page  177. 

Into  the  sphere  of  the  applicability  of  method  enter  the  tasks 
of  diffraction  only  in  such  regions  and  for  such  functions  of  initial 
data  in  source,  for  which  complete  field  in  the  final  subregion, 
interesting  us,  which  contains  source,  can  be  with  the  sufficient 
accuracy  represented  by  the  final  sum  of  the  partial  fields  (wave: 
falling,  reflected  primarily,  for  a  second  time  and  so  forth  from  the 
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boundaries  of  the  region  or  from  the  caustic  curves,  that  penetrate 
abroad  of  geometric  shadow  or  for  the  caustic  curve),  which  have 
their  subregions  of  the  existence  where  these  fields  allow/assxjme  the 
introduction  of  the  single-valued  system  of  ray  coordinates.  In  each 
of  such  subregions  for  the  partial  field  after  the 
isolation/liberation  from  it  of  the  main  oscillating  factor  can  be 
registered  the  equation  of  transverse  diffusion.  The  set  of  these 
equations  taking  into  account  the  conditions  of  coupling  of  partial 
fields  of  amplitudes  on  the  boundaries,  which  divide  the  subregions 
indicated,  makes  it  possible  to  examine  transverse  diffusion  at  the 
united  fronts  {-const,  which  intersect  entire  set  of  the  sxibregions, 
into  which  these  fronts  are  continued.  In  the  case  of  point  source, 
arranged/located  at  point  {>0  and  the  boundaries  of  the  region,  which 
are  cambered  inwards,  such  united  fronts  remain  locked  (although  they 
can  branch  on  the  caustics),  beginning  from  {>0  up  to  this  value 
{■{i,  where  certain  ray /beam  H’»iCoii8t,|=consi  concerns  boundary  of  the 
region,  forming  the  initial  point-geometric  shadow.  Beginning  from 
such  points  with  the  continuations  of  similar  rays/beams  they  are 
some  geodetic  covering  the  shaded  part  of  the  boundary  of  the  region. 
The  here  united  fronts  {-const  are  finished,  but  the  initially 
assigned  uniform  boundary  condition  on  the  shaded  part  of  the 
boundary  it  proves  to  be  sufficient  for  the  single-valued 
determination  of  the  field  of  amplitudes.  In  this  case  the  assignment 
of  the  value  of  the  amplitude  of  field  on  {-{,  near  the  source  plays 
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the  role  of  initial  condition.  The  replacement  of  the  equations  of 
transverse  diffusion  by  difference  equations,  with  the  use  of  the 
corresponding  conditions  for  coupling  on  the  boxindaries  between  the 
subregions,  makes  it  possible  to  produce  with  certain  space  on  (  the 
consecutive  calculation  of  fields  at  the  united  fronts  with  the 
dispersion  method. 

Thus  is  computed  in  the  approzimat ion/approach  of  transverse 
diffusion  the  field  of  amplitudes  at  the  fronts,  which  is  zero 
approximate  and  is  designated  through  u,.  With  the  necessity  to 
obtain  following  correction  Ui  from  that  found  u,  is  computed  the 
function 

_ L_  \ 

\  ai*  a,  j' 

being  the  right  side  of  the  equation  for  Ux,  while  left  side  retains 
the  same  form,  that  in  (1).  With  the  help  of  this  equation 
calculation  Ux  is  produced  just  as  for  u.,  with  the  difference  that 
the  initial  condition  for  Ux  with  is  taken  by  zero.  In  perfect 

analogy  is  produced  the  calculation  also  of  the  following 

.V 

corrections.  Sum  u  —  presents  solution  for  the  amplitude  at  the 
front  in  the  necessary  approzimat ion/approach.  For  the  determination 
of  the  resulting  field  (but  not  amplitude)  at  certain  assigned  point 
of  space  X,  y,  z  it  is  necessary  to  determine  all  corresponding  to  it 
and  lying/horizontal  on  different  fronts  points,  to  multiply  the 
values  of  amplitude  in  them  for  appropriate  factors  e'*-' 


and  finally 
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to  sum  all  products.  This  sxim  gives  the  resulting  diffraction  field. 

For  obtaining  the  solution  of  the  unsteady  problem  of 
diffraction  for  the  sufficiently  smoothly  modulated 
oscillations/vibrations  of  source  according  to  the  law  /(/)c  is 
required  a  very  small  change  in  the  method.  During' the  use,  for 
example,  only  of  zero  approximation  u,  it  relates  only  to  the 
latter/last  stage  and  is  reduced  to  the  additional  multiplication  of 
the  separate  members  of  the  sxim,  which  presents  the  resulting 
steady-state  solution,  to  the  appropriate  factors  f(t-{/C,). 

Page  178. 

Absence  at  present  sufficiently  complete  proof  with  the 
estimations  of  error  in  the  method  described  above  causes  the 
neciiissity  for  the  experimental  check  based  on  the  examples,  which 
allow/assume  convenient  comparison  with  a  strict  solution.  In  the 
report  are  given  the  results  of  this  comparison  for  the  case  of 
two-dimensional  problem  of  diffraction  on  the  wedge  under  the  zero 
boundary  condition  on  the  faces.  Since  the  fields  of  the  amplitudes 
of  the  incident  and  geometrically  reflected  wave  in  this  case  are 
accurately  known  (1  and  -1),  according  to  the  calculation  on 
computer(s)  underwent  only  the  wave,  scattered  by  the  edge/fin  of 
wedge.  The  ray  amplitude  v  for  this  wave  is  approximately 
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subordinated  to  equation  (2),  which  in  this  case  obtains  the  form 

2ik  (3) 

Or  r*  d<f-  '  ' 

The  right  side  of  the  task  are  the  assigned  magnitudes  of  jumps 
under  coupling  conditions  on  the  rays/beams,  which  correspond  to  the 
boundaries  of  shadow  for  the  incident  and  geometrically  reflected 
wave.  The  united  fronts  are  the  circular  arcs  r>cohst,  which  are 
finished  on  the  faces  of  wedge,  along  which  slip  extreme  rays/beams 
4>*const. 


For  replacing  equation  (3)  by  the  finite-difference  was  selected 
the  six-point  implicit  diagram  whose  stability  in  application  to  this 
equation  specially  was  investigated.  The  asymptotic  values  of  field 
calculated  with  the  help  of  computer(s)  in  fraunhofer  region  [3] 
proved  to  be  in  a  good  agreement  with  a  strict  solution  of 
Sommerf ield. 


Calculation  by  the  same  method  of  diffraction  fields  the 
inhomogeneous  medium  needs  the  preliminary  determination  of  ray 
coordinates  and  coefficients  of  Lame,  expressed  in  these  coordinates, 
entering  equation  (1)  or  (2),  which  by  itself  represents  complex 
problem.  Two-dimensional  problem  of  this  type  for  the  arbitrary 
refractive  index,  which  depends  only  from  one  Cartesian  coordinate, 
also  is  examined  in  the  report.  For  the  purpose  of  convenience  in  the 
use/application  to  the  calculations  of  the  transverse  diffusion  of 
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amplitude  the  task  is  placed  as  reverse/inverse  with  respect  to  the 
usual  task  of  geometric  optic/optics,  namely,  instead  of  the 
calculation  of  fronts  t*const  and  rays/beams  tjaconst  in  coordinates  x, 
y  are  computed  values  x,  y,  which  correspond  to  the  values  of  ray 
coordinates  I,  n* 
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Method  of  steady  state  for  the  multidimensional  integrals. 

M.  V.  Pedoryuk. 

1.  Contribution  from  boundary. 

The  integrals  of  the  form 

^<tort»i,p(x)ix,  (1) 

where  D  -  region  in  £*,»=.  (*i,  ...,*•)♦  3i)  =  r,  frequently  are  encountered 
in  the  theory  of  diffraction. 

Page  179. 

The  contribution  from  the  boundary  to  F(k)  it  is  called 

F,  (*)  =  j  ff  (*)  (*)  dx,  (2) 

where  DrCZD  -  ridge  lengthwise  r,  when  *€r,  q>,  (*)  =  o  on 

remaining  boundary  Dr  together  with  all  derivatives,  Let  us 

assume  A  <P>  r  is  infinitely  differentiated,  V/=^o  on  r,  and  F  does 
not  have  singular  points.  Then  with  k-^+«» 


(*)=■  —  J  J  «*»«'>  9  (*)  w  +  0  (*-•); 

(3) 

«  =  (— ...dxj...  dx,.  . 

(4) 

It  is  actually  sufficient  final  smoothness  /,  q>.  F.  Contribution 
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from  the  boundary  was  computed  in  [1]  -  [3]  under  more  particular 
assumptions  (3),  (4)  somewhat  simpler  than  formulas  of  [1]. 

2.  Contribution  from  close  saddle  points. 

Let  f,  4>  depend  on  the  real  low  parameter  a,  A(x,  a*  j  | ■ 

and  when  a=0,  V/(**,  0)  =  0  rank  r  of  matrix/die  A(x*,  0)  it  is  less  than 
n.  Case  of  r«n-l  ttn.  [4].  If  r»n-2,  then  the  task  about  asymptotic 
behavior  P(k)  with  k-*+«,  lal<6  is  reduced  to  the  research  of  the 
double  integral  of  form  (1),  where  D  -  plane  (x^,  x,),  x**(0,  0), 
f«f,,  f«(x,  o)*‘X*  i+ax*  iX,+bXvX*  ,+x*  ,-a(  aiX,+a,x,),  if  we 
reject/throw  members  on  the  order  of  4  and  it  is  above  in  expansion 
f.  in  the  Taylor  series.  Let  a,  b  be  such,  that  f,  does  not  contain 
multiple  factors.  The  integral 

OP  m 

•F*  =  ^  S  ***  ’ 

—CO  — ^ 

formally  diverges,  but  it  it  is  possible  to  make  by  that  converging, 
after  shifting  range  of  integration  into  complex  domain.  Let  us 
consider  case  of  k»l,  o«l,  ok*/*»l  and  will  designate  l</<4 
saddle  points  f,.  The  contribution  from  x’'to  asymptotic  behavior  F, 
is  equal  to 

-  i. 

2n*-‘D,  *  exp  ( —  j  ia*  (o,xJ  +  «txi)),  (5) 

Df  “  det  (,4  (x^,  o)}. 

Asymptotic  behavior  F.  is  equal  to  the  sum  of  the  contributions  from 
points  x^  for  which  exponent  in  (5)  is  not  growing.  Finally  with  n«>2 
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the  contribution  from  close  saddle  points  to  F(lc)  is  equal  to 
(xj  (0)  ==  X*)  9  (x®.  0)  exp  (i*/  (x*  0))  X  F ,  ( k ,  a  )  . 

Analogously  it  is  possible  to  investigate  case  of  r<n-2. 


It  is  possible  to  still  simplify  F,.  By  the  linear  replacement 
of  the  variable/alternating  (for  example,  see  [5])  it  is  possible  to 
reduce  the  cubic  part  of  f,  to  form  y*i+y*2  (replacement  can  be 
complex),  and  F,  will  be  reduced  simply  to  the  product  of  Airy's 
functions.  With  n-’r<2  this  it  is  not  possible  to  do. 
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Page  180. 

Matrix  methods  in  tasks  of  the  electromagnetic  excitation  of  the 
bodies  of  piecewise-coordinate  form. 

D.  M.  Sazonov. 

Is  proposed  the  universal  algorithm  of  the  numerical  solution  of 
the  tasks  of  diffraction  and  arbitrary  excitation  of  electromagnetic 
waves  on  the  compounds  whose  form  consists  of  the  correct  sections  of 
coordinate  surfaces  of  any  orthogonal  coordinate  system,  which 
allows/ass;imes  separation  of  variables  in  the  equation  of  Helmholtz. 
As  basis  is  assumed  the  solution  of  the  simpler  problem  about  the 
determination  of  the  wave  scattering  matrix  of  arbitrary  order  for 
the  joint  of  two  uniform  lines  of  transmission  with  the  different 
value  of  cross  section.  The  problem  about  the  joint  is  solved  with 
the  help  of  the  new  method,  called  "mirror-iterative".  The  essence  of 
this  method  consists  of  the  repeated  \ise  of  results  of  two  auxiliary 
tasks.  In  the  first  of  them  (task  I)  is  assigned  the  requirement  of 
the  inversion  into  zero  of  complete  tangential  electric  field  on  the 
entire  interface  of  two  waveguides,  after  which  is  realized  the  join 
of  complete  tangential  magnetic  fields  in  the  overall  section  of 
interface.  As  a  result  the  amplitude  of  any  incoming  to  the  joint 
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(incident)  wave  in  second  region  by  the  relationship/ratio  of  the 
form  -li 

''IMIIC 

fii»  “  »n  5j  (i) 


where  ui,  -  some  coefficients,  depending  on  the  location  of  joint 
lengthwise,  v  and  n  -  eigenvalues  of  transmission  modes,  -  the 
scalar  product  of  the  vector  functions  of  field  distributions  in  the 
cross  section  of  waveguides  for  the  hamonics  with  numbers  v  and  n. 
The  amplitudes  of  waves  bl  and  reflected  from  the  joint  are 
expressed  as  the  known  coefficients  of  reflection  pi  and  pi  for  the 
ideal  metallic  piston  in  the  form 

bi  -  p\Ai,  oi  -  p\bI  (2) 

In  another  auxiliary  task  II  is  assigned  the  requirement  of  the 
inversion  into  zero  of  complete  tangential  magnetic  field  on  the 
entire  interface  of  two  waveguides,  after  which  is  realized  the  join 
of  complete  tangential  electric  fields  in  the  general/common/total 
section  of  interface  with  the  use  of  condition  Et, = 0  on  the 
continuous  abutting  surface.  As  a  result  of  join  the  amplitude  of  any 
incoming  for  the  joint  (incident)  wave  in  first  region  ^4"  proves  to 
be  connected  with  all  amplitudes  of  the  incident  waves  in  the  second 
region:  n>fM  I 

S  PXf-.  (3)1 

n— <S 


Simultaneously  with  the  help  of  the  coefficients  of  reflection  and 
from  the  ideal  magnetic  piston  can  be  found  the  amplitudes  of 
waves  reflected  from  the  joint  in  task  2: 


/»»»»• 


(4) 
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Relationships/ratios  (l)-(4)  are  used  for  the  solution  of  the 
complete  problem  of  exciting  the  same  joint  by  primary  sources  with 
the  known  matrix/die  of  amplitudes  as  follows. 

Page  181. 


First  with  the  help  of  formulas  (l)-(2)  are  solved  auxiliary  problem 
1,  for  sources  =■  g 3 where  q  -  complex  weight  coefficient, 
moreover  in  the  solution  appear  primary  sources  IBii  according,  to  (1). 
For  their  compensation  is  constructed  the  auxiliary  task  II,  in  which 
sources  ji^nl  lead  to  the  appearance  in  the  first  region  of 

primary  sources  with  matrix/die  |ii"i  according  to  (3).  Then  is 
realized  the  superposition  of  auxiliary  tasks  in  the  diagram: 


+ 


— '<2)- 

' — I — ' 

(c  oopai 


SpaiHUM- 

axamm) 


(5) 


Key:  (1).  (with  the  opposite  sign). 


As  a  result  proves  to  be  known  as  much  as  desired  precise  (if  we 
consider  a  sufficient  number  of  terms  in  the  series/rows)  solution  of 
the  problem  about  the  excitation  of  joint  by  sources  +^4"||, 
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differing  from  the  given  ones  to  certain  addition  11  A^,(9)||,  depending 
on  the  selection  of  the  complex  coefficient  q.  Forming  the  norm  of 
this  addition  and  requiring  its  minimum,  we  find  the  necessary  value 
q.  After  this,  if  the  norm  of  addition  ||A^.(9>1|  is  insufficiently 
small  in  comparison  with  the  norm  of  initial  sources  ||•4,||,  should  be 
repeated  the  process  of  solution  by  diagram  (5),  using  instead  of  the 
initial  sources  addition  llA^lvH  with  the  opposite  sign.  Thus,  the 
process  of  calculations  acquires  cyclic  character,  and  its 
convergence  is  guaranteed  by  the  continuous  decrease  of  the  norm  of 
uncompensated  for  remainder/ residue  which  is  strictly  shown  in 

the  work.  After  the  calculation  of  the  scattering  matrices  of  two 
adjacent  joints  easily  can  be  realized  their  association  with  the 
help  of  the  matrix  methods  of  the  theory  of  the  shf  circuits.  Then  is 
considered  the  third  joint,  the  fourth  and  so  on.  As  a  result  becomes 
possible  the  calculation  of  the  arbitrary  electromagnetic  excitation 
of  comparatively  complicated  piecewise-coordinate  bodies,  the 
calculations  occurring  consecutively/serially  on  one  and  the  same 
comparatively  simple  standard  subroutines.  Together  with  the  joints 
within  the  framework  of  matrix  method  easily  is  considered 
heterogeneous  magnetic-dielectric  filling  of  any  waveguide,  assigned 
in  the  gaps/ intervals  between  the  joints  in  the  form  of  any  number  of 
following  after  each  other  uniform  layers  with  piecewise-varying 
parameters.  The  use/application  of  the  proposed  method  is  checked  in 
a  number  of  examples:  the  joints  of  rectangular  waveguides,  the 


DOC  =  82036012 


PAGE  ^ 


excitation  of  final  ones  according  to  a  radius  of  metallic  wedge  and 
band,  the  calculation  of  biconical  radiator/resonator/element,  the 
arbitrary  excitation  of  disk  with  opening/ aperture,  etc.  Method  is 
convenient  for  the  machine  calculation  with  the  maximum  sizes  of 
bodies  ~(5-7)X,  and  also  it  can  be  successfully  used  for  obtaining 
the  asymptotic  formulas  in  the  long-wave  approximation/approach.  By 
small  modification  method  can  be  spread  to  the  case  of  the 
transmission  lines  with  the  continuous  spectrum  of  eigenvalues. 
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Page  182. 

Transient  wave  processes  of  the  deformation  of  rods,  plates  and 
shells,  caused  by  pulsating  load. 

U.  K.  Nigul. 

The  practice  of  the  design  of  special  constructions/designs  put 
forth  the  task  of  the  analysis  of  the  transient  wave  processes  of 
deformation,  caused  by  sharp  pulsating  load.  Report  is  devoted  to  the 
use/application  of  methods  of  integral  transforms  and  to  their 
combination  with  the  net  point  method. 

1.  Rods  under  action  of  longitudinal  impulse/momentum/pulse.  It 
is  experimentally  proved  that  the  one-dimensional  theor'  of  state  of 
plane  stress,  which  leads  to  the  integration  of  the  equation  of 
string,  gives  unsatisfactory  results,  since  actually  occurs  the 
dispersion.  More  acceptable  results  are  obtained  by  Davis  on  the 
basis  of  Rayleigh-Love's  approximate  theory,  which  considers 
transverse  inertia,  and  Miklovich  on  the  basis  of  Hindi in-Herman's 
theory,  which  considers  also  the  effect  of  transverse  shift/shear 
(two  dispersive  mode).  Numerical  data  are  acquired  by  integration  for 
the  coasts  of  sections/cuts  and  asymptotic  methods  of  the  inversion 
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of  contour  integrals.  Skalak  and  other  authors  investigated 
semi- inf inite  rod  on  the  basis  of  three-dimensional  theory  with  the 
help  of  the  method  of  twofold  integral  transforms.  After  the  first 
inversion  appeared  formal  solutions  in  the  form  of  the  infinite  svim 
of  the  contour  integrals,  of  which  the  first  were  calculated  by  the 
steepest  descent  method  for  the  high  values  of  time  t.  In  this  way 
theoretically  proved  the  acceptability  of  the  refined  theories  with 
large  t,  but  information  about  the  behavior  of  construction/design 
with  small  t  barely  was  increased. 

2.  Plates/slabs  under  action  of  transverse  impulse.  Closed 
solutions  can  be  obtained  on  the  basis  of  the  Kirchhoff  theory,  but 
they  correctly  reflect  reality  only  with  large  t  far  from  the  fronts. 
Is  more  wide  the  range  of  the  applicability  of  Timoshenko’s  theory, 
used  for  the  first  time  by  Ya.  S.  Uflyand  and  further  by  Dengler, 
Sola,  Miklovich,  etc.  The  calculation  of  contour  integrals  by 
integration  for  the  coasts  of  shear/sections  proved  to  be  very 
labor-consuming,  but  for  the  limiting  cases  Flyuge  and  Zayak 
indicated  the  efficient  approximation  methods.  On  the  basis  of 
three-dimensional  theory  are  constructed  the  stressed  states:  a)  in 
the  proximity  of  epicenter  -  by  method  of  the  falling/incident 
potentials  (I.  N.  Vekua)  and  with  the  method  of  Ranyar  (G.  I. 
Petrashen',  K.  I.  Ogurtsov,  Davids,  Broberg,  Miklovich,  etc.);  b) 
when  t-»«  -  by  next  inversion  of  contour  integrals  with  the 
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enlistment  of  the  steepest  descent  method;  c)  near  the  fronts  -  by 
ray  series/rovs.  It  is  established/installed,  that  the 
use/application  of  Timoshenko's  theory  is  substantiated  with 
sufficiently  large  t  in  the  region,  which  they  had  time  to  pass  the 
ground  waves  of  Rayleigh. 

3.  Shells.  Semi-infinite  circular  cylindrical  shell  is 
investigated  by  Berkovich  during  axisymmetric  zero  moment  deformation 
and  N.  A.  Aliunyae's  Lifetime  on  the  basis  of  theory  of  Timoshenko's 
type  with  the  axisymmetric  and  during  the  cyclic  centrally 
symmetrical  deformation.  The  start  of  spherical  shell  under  the 
action  of  concentrated  impulse/momentum/pulse  is  investigated  by 
physician  on  the  basis  of  the  theory  of  slightly  curved  shells.  The 
methods  of  integral  transforms  proved  to  be  the  efficient  instriunent 
of  research  of  the  complicated  equations  of  the  dynamics  of  the 
shells,  which  contain  the  low  parameter  and,  as  a  rule,  which  have 
variable  coefficients.  They  in  many  instances  made  it  possible  to 
explain  the  possibilities  of  the  separation  of  the  stressed  state 
into  the  zero  moment  and  into  the  edge  effects. 

4.  Conclusions/outputs  from  experiment  of  use/application  of 
methods  of  integral  transforms.  Within  the  framework  of  the 
approximate  theories  are  investigated  the  processes  with  one  space 
coordinate,  and  according  to  the  three-dimensional  theory  -  with  two 
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coordinates.  The  displaced  coefficients  of  equation  are  the 
substantially  complicating  factor.  Zt  is  comparatively  easy  to  carry 
out  qualitative  analysis  and  to  obtain  data  for  the  limiting  cases 
(with  t-^»,  with  t-»0,  for  the  points  near  the  fronts  and  the  place 
of  the  application  of  load),  but  at  the  "average/mean”  values  of  t 
and  basic  coordinate  numerical  results  are  obtained  with  difficulty 
only  for  the  semi-infinite  objects  on  the  basis  of  the  approximate 
theories. 


5.  On  use/application  of  methods  of  integral  transforms  in 
combination  with  net  point  method.  Net  point  method  works  well  in 
that  region  where  the  use/application  of  methods  of  integral 
transforms  is  difficult. 

Page  183. 

In  the  institute  of  cybernetics  of  AS  of  E.S.S.R  are  worked  out  the 
programs  of  solution  by  the  net  point  method  of  systems  of  two  or 
three  hyperbolic  second  order  equations  for  the  analysis  of  transient 
wave  processes.  Were  preliminarily  isolated  the  particular  solutions, 
which  transfer  the  interruptions/discontinuities  of  the  unknown 
functions  and  their  derivatives,  which  are  encountered  in  the 
equations.  One  of  the  latter/last  programs,  analyzing  in  the  course 
of  ccsnputation  the  curvature  of  the  computed  functions,  divides/marks 


IT  ii- 
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off  region  into  the  adequate/approaching  s-bands  different  space.  Is 
solved  series  of  problems  for  the  plate/slab  and  the  shells  with  the 
finite  dimensions.  With  the  isolation/liberation  of  particular 
solutions  and  during  the  determination  of  the  conditions  for 
reflection  from  the  supports,  and  also  for  the  analysis  of  wave 
process  with  t-»0  and  t-*"  were  used  the  methods  of  integral 
transforms. 
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Numerical  integration  of  the  oscillating  functions  by  the 
Filon-Nikolayeva  method. 

L.  I.  Bogin,  A.  G.  Zhuravleva 

In  the  report  is  examined  the  approximate  calculation,  with  the 
help  of  the  Filon-Nikolayeva  method,  the  integrals'  of  the  form 


k 


j  /  (®)  e**  dx^ 

a 

(1) 

% 

(2) 

Integrals  of  such  type  frequently  are  encountered  in  the  theory 

of  wave  propagation.  At  the  small  values  of  the  parameter  a  the 

integrals  can  be  computed,  for  example,  according  to  the  method  of 

Simpson  or  Gauss.  However,  when  the  value  of  the  parameter  is  great, 

calculation  with  the  help  of  the  methods  indicated  becomes  difficult, 

since  it  is  necessary  to  preliminarily  divide  the  gap/interval  of 

integration  into  a  large  number  of  parts.  The  process  of  calculation 

even  more  is  complicated,  when  appears  the  need  of  calculating  the 

integrals  for  the  series/row  of  the  values  of  the  parameter. 

Considerably  less  labor-consuming  is  the  numerical  integration  of 

expressions  (1)  and  (2)  for  the  method  of  Filon  [1]  and  Nikolayeva 

[2],  which  consists  of  the  following:  by  any  method,  for  example,  by 

the  method  of  replacing  the  varisble/alternating,  integrals  (1)  and 

(2)  are  reduced  to  the  form 

1 

/(»)=  5*^(0**-'*.  (3) 
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\y(t)e-<i^dt.  l'») 

A 

The  idea  of  method  lies  in  the  fact  that  with  the  help  of  the 
interpolation  polynomials  is  approximated  not  all  integrand,  but  only 
comparatively  slowly  varying  factor  y(t). 

Phylo  and  Nikolayev  considered  only  the  integrals  of  form  (3). 

In  the  report  their  method  is  applied  to  the  case  when  integrals  (1) 
and  (2)  more  conveniently  to  reduce  to  the  form 

:j(io)  i'-) 

n 

or  to  the  form 

I 

j  (?)-!)'/  (0  («) 

Page  184. 

The  gap/interval  of  integration  IQ,  +1]  is  divided/marked  off  on 
2m  the  equal  intervals  with  a  length  of  b*l/2m. 

On  each  pair  of  intervals  where  n  -  even)  function  y(t) 

is  approximated  by  the  polynomial  of  the  second  power 

»(0  +  (7) 

In  the  interpolation  points  are  computed  ordinates 

V.  ™  y  (<«)•  with  the  help  of  which  from  equation  (7)  are  determined 
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coefficients  on.  r„'  The  latter  prove  to  be  equal  to 


Pn  =  An  "T  An*i  —  2  (n  —  1)  Ctni 

Tn  =  -  (A„  +  A,.J  (n-f-  i)+(n  +  l)*a„. 


(8) 


where 


^  ^n*  ^n+l  3^n+t 

Formulas  (8)  determine  parabola  in  section  The 

calculation  of  integrals  (5),  (6)  is  reduced  to  the  determination  of 
the  sum  of  three  integrals  of  and  ir«‘'*  (or  e*-'*). 


i.e. 


Kg) 


tm-t  ‘n+*  Im-l  <n+t 

^  21  “» S  «*«"'"**  +-2r  S  S 

"=•  ‘n  ,  <n 

.  tm-* 

+  r  S  Tn  5  e^dt, 
n-n  fn 


(») 


where  n  -  only  even.  This  expression  is  reduced  to  the  form, 
convenient  for  the  calculations. 


Analogous  expression  can  be  written,  also,  for  I(a>). 

The  approximate  calculation  of  oscillating  integrals  (1)  or  (2) 
according  to  the  Filon-Nikolayeva  method  and  comparison  with  the 
calculations  of  these  integrals  according  to  the  method  of  Simpson  or 
Gauss  makes  it  possible  to  do  the  following  conclusions: 

1.  At  the  larger  value  of  the  parameter  a  the  volxjme  of 
calculations  according  to  the  Filon-Nikolayeva  method  is  considerably 
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less  than  according  to  the  method  of  Simpson  or  Gauss. 

2.  Since  with  the  help  of  interpolation  polynomials  is 
approximated  factor  y(t),  not  depending  on  parameter,  then  at 
different  values  of  parameter  a  is  not  required  changes  in  space  h. 

3.  Significant  part  of  intermediate  results  does  not  depend  on 
form  of  the  function  y(t).  This  makes  it  possible  to  shorten  work  on 
the  calculation  of  the  integrals,  which  are  characterised  by  only  the 
form  of  the  function  y(t). 
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II.  SPECIFIC  PROBLEMS  OP  THE  THEORY  OF  DIFFRACTION 
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Page  185. 

Diffraction  in  open  resonators  with  confocal  mirrors. 


L.  A.  Vaynshchteyn. 


The  reported  work  consists  of  three  parts.  The  first  part  is 

dedicated  to  natural  oscillations  in  the  open  resonator  with  the 

confocal  cylindrical  mirrors  (radius  of  curvature  of  mirrors  is  equal 

to  distance  21  between  them).  The  study  of  oscillations  in  this 

system  is  reduced  to.the  sqlution  of .  the  intearal  equation 

. —  1  (,  JL)  ‘ 

/(<)=V2~«  /(/')*'  (1) 

—I 

for  eigenfunction  f{t),  which  is  determining  current  distribution  on 
the  mirror.  Through  c  is  des'  -^ated  the  basic  parameter  of  the  task 


e  == 


ka* 


(2) 

(2a  -  the  width  of  mirrors).  Complex  parameter  'x  (>nore  precise  e**) 
there  is  eigenvalue  of  integral  equation  (1),  which  is  determining 
complex  natural  vibration  frequency  according  to  the  formula 

2kl  =  nq  +  X,  (3) 

where  q  -  large  integer.  Parameter  %  can  be  represented  in  the  form 

,h=(«  +  4-)'«— ,‘4 

(m  =  0, 1,2. ..  .),  (4) 

where  A  is  determined  damping  the  m  oscillation  due  to  the  radiation 
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losses  (diffraction  fading).  Because  of  these  losses  the  vibrational 
energy  is  reduced  in  e  of  times  for  time  >  where  t  -  time  for  which 
the  light/world  passes  segment  21. 

As  is  known,  integral  equation  (1)  is  equivalent  to  the 
differential  equation 

(I  -<■)  -S - ,/f> (•’> 

together  with  the  condition  of  finiteness  f  with  t»+-l. 


Page  186. 


The  basic  content  of  the  first  part  of  the  work  consists  in  the 
asymptotic  integration  of  equation  (5)  by  the  method  of  standard 
equation.  As  the  standard  equation  is  undertaken  the  equation 


..'fL  +  lil  4-  JLL  +  JL)g  =  0, 


4v 


solution  of  which  is  expressed  as  the  confluent  hypergeometric 
function.  Independent  the  variable/alternating  t  and  u,  and  also 
functions  f  and  g  are  connected  by  usual  relation^hips/ratios,  then 
value  A,  being  of  greatest  practical  interest,  it  is  obtained  in  the 
form 

A=.ittVl (■) 


Depending  on  the  value  of  parameter  c  this  oscillation  with  index  m 
can  belong  to  one  of  three  types:  1)  oscillation  with  caustic  curve 


™  *n  FOmiWI  TCCHNOLMr  OI«  MttHT.f«TTtnON  *»  OM 

lui  •1“^***“*'  *•  •»«  oiffhaction. 
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(A  is  small),  2)  transient  type  oscillation,  3)  oscillation  without 
the  caustic  curve.  Are  given  graphs  for  value  A  in  the  dependence  on 
c  with  m*0,  1,  ...,  9  and  c<15. 


The  results,  obtained  in  the  first  part,  make  it  possible  to 
calculate  diffraction  losses  in  the  resonators  with  right-angled 
spherical  mirrors.  In  the  second  part  are  investigated  the  resonators 
with  confocal  spherical  mirrors  of  circular  form.  Integral  equation 
(1)  for  them  is  substituted  by  the  following: 


4  [*-<111.1)  r 

/m(0  =  ce  * 


the  index  m*0 ,  1 ,  2 ,  ...  determining  the  azimuth  dependence  of 
natural  oscillation  (cosmo  or  sinm<p).  Equation  (8)  is  equivalent  to 
the  differential  equation 

for  the  function 


(10) 

Differential  equation  (9)  is  again  solved  by  the  method  of 
standard  equations  and  thus  are  computed  the  diffraction  losses  of 
natural  oscillations  in  this  system. 


The  third  part  of  the  work  is  dedicated  to  the  calculation  of 
the  norm  of  natural  oscillations  examined  earlier  for  which  the 
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general  theory  of  the  excitation  of  the  open  resonators  gives  the 
expressions,  barely  suitable  for  the  practical  calculations. 
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Control  of  the  radiation  of  plane-parallel  layer  with  the  help  of 
metallic  lattices. 

O.  A.  Tret'yakov,  S.  S.  Tret'yakova,  V.  P.  Shestopalov. 

As  the  simplest  model  of  lasers  and  generators  can  serve  the 
plane-parallel  layer  of  the  optically  active  sxibstance,  which 
possesses  the  negative  absorption  coefficient.  For  the 
precomputations  this  model  is  very  convenient;  the  value  of 
diffraction  losses,  caused  by  the  finite  dimensions  of  the  ends/faces 
of  the  layer  of  real  instrument,  it  is  possible  then  to  compute  by 
different  known  methods. 

Plane-parallel  layer  with  the  arbitrary  refractive  index 
^  =  is  investigated  in  the  series/row  of  works. 

Page  187. 

It  is  discovered,  in  particular,  that  with  the  given  ones  to  the 
wavelength  of  radiation/ emission,  the  absorption  coefficient  and  to 
the  thickness  of  the  layer  of  the  condition  of  self-excitation  and 
the  energy  radiation  characteristics  are  determined  only  by 
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refractive  index  N,.  Here  we  will  consider  control  capability  of 
these  characteristics  with  the  help  of  the  lattices,  replaced  to  the 
ends/faces  of  layer,  we  investigate  the  dependence  of  these  values 
from  the  method  of  depositing  the  lattices. 

We  will  consider  that  to  the  plane-parallel  layer  of  thicxness  a 
with  the  refractive  index  N  strip/tape  metallic  of  lattice  can  be 
replaced  by  the  following  three  methods:  a)  layer  with  the  lattice  on 
one  of  the  walls;  b)  layer  with  the  identical  strip/tape  lattices, 
arranged/located  on  both  walls  strictly  one  under  another;  c)  layer 
with  the  lattice  on  one  of  the  walls  and  with  the  ideal  shield  on 
another.  Strips/films  and  shield  are  assumed  to  be  those  ideally 
conducting,  the  thickness  of  belts  is  not  considered;  1  -  period  of 
lattices,  d  -  width  of  slots  -  they  are  arbitrary. 

General/common/ total  for  these  three  cases  is  the  fact  that  the 
field  emergent  caused  by  the  induced  radiation  of  the  substance  of 
layer  will  be  periodical  with  period  1  inside,  also,  out  of  the 
layer,  therefore,  it  are  conveniently  sought  in  the  form  of  Fourier 
series.  The  value  of  Fourier  coefficients  field  in  each  case  is 
determined  by  finding  the  solutions  of  the  equations  of  Maxwell, 
which  are  subordinated  to  precise  boundary  conditions  on  one  of  the 
periods  of  structure.  The  obtained  boundary-value  electrodynamic 
problems  are  reduced  then  to  the  boundary- value  problem  of 
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Riemann-Hilbert  fcr  certain  analytic  function.  The  solution  of 
problem  in  each  case  is  obtained  in  the  form  of  the  infinite  uniform 
system  of  linear  algebraic  equations,  which  allovs/assumes  obtai;ting 
solution  by  the  method  of  reduction.  The  condition  for  existence  of 
the  nontrivial  solution  of  system  is  the  condition  of  the 
self-excitation  of  plane-parallel  layer.  Energy  radiation 
characteristics  are  found  as  a  result  of  the  enlistment  of  the 
nonlinear  theory  of  the  optical  properties  of  plane-parallel  layers. 


In  the  particular  case  when  and  X«a,  the  conditions 

of  self-excitation  take  the  sufficiently  simple  form: 


=  1;  2«iV,a/A,  +  t/2  =  ' 

-  1;  2«^,a/X  +  t/2  =  «.  ' 

-  1;  4>cAr^/X  +  t/2  =  ns. 


where 


nd 

a  =  cos  -j , 


T  =  arctg  -r- arctg  t -tT;  s  =  0,  1,  2, 


7  -  small  correction. 


Page  188. 


Are  obtained  also  expressions  for  the  amplitude  of  the  radiant 
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flux  p  and  density  of  the  electromagnetic  energy 
(-a<2<0). 


6) 


U  within  layer 

(2) 

(3) 

(4) 


Here  a  -  the  parameter  of  the  nonlinearity  of  substance,  c  -  the 
speed  of  light.  The  Omov-Poynting  vector  P  is  directed  always 
perpendicular  to  the  walls  of  layer. 

AS  it  follows  from  (2)-(4),  in  the  absence  of  lattices  (u«-l) 
the  radiation/ emission  always  begins  from  the  middle  of  layer.  If 
lattices  are  plotted  to  the  walls  of  layer  symmetrically  (case  b), 
then  the  center  of  radiation/emission  also  is  located  on  the  middle 
of  layer,  in  the  remaining  cases  the  center  of  radiation/ emission  is 
shifted/sheared. 

The  amplitiide  of  radiant  flux  P,  energy  density  u  are  determined 
respectively  by  values  fl„  Ht,  which  in  turn,  depend  on  the 
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sizes/dimensions  of  lattice  d,  1.  Consequently,  energy  radiation 
characteristics  it  is  possible  to  manage  with  the  help  of  the 
lattices,  replaced  to  the  walls  of  layer.  The  carried  out 
calculations  show  that  this  control  can  be  very  efficient. 
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Open  resonators  with  mirrors,  which  possess  variable  reflection 
coefficient. 

N.  G.  Vakhitov. 

In  the  present  work  with  the  help  of  the  asymptotic  method,  used 
works  [1-2],  examine  the  open  resonators  with  the  mirrors,  which  are 
characterized  by  variable  reflection  coefficient. 

Are  obtained  the  equations  for  determining  the  natural 
frequencies  and  the  formulas,  which  establish/ install  field 
distribution  between  the  mirrors  in  the  case  of  flat/plane  and 
concave  mirrors. 

Is  at  first  examined  the  two-dimensional  task  about  the  natural 
oscillations  between  two  limitless  parallel  planes  -  '»<x<«»,  -•<y<», 
|^|<^  where  is  sought  the  solution  of  the  equation  of  Helmholtz 

A(®  +  il^  =  0,  (1> 

satisfying  on  planes  z*-*-- 1  impedance  boundary  condition, 

~  -h  i/cg0  =  0  npJ  z  »  ±  I,  (2) 

Key;  (1).  with. 
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moreover 


where  a  -  certain  positive  real  constant. 

Page  189. 

Let  us  represent  solution  d)  (x,  2)  in  the  form 
<I>  (X,  z)=W  (X,  2)  e***  -  (-  1)»  W  (X,  —  2)  (4) 

where  each  component/term/addend  must  satisfy  equation  (1),  and  we 
will  seek  the  asymptotic  solution  of  stated  problem  under  the 
assumption 


1  1 

9m 

^  ah' 

l  dW 

k 

\  dz* 

<  a*  • 

k  ax 

After  substituting  (4)  in  (1)  and  (2)  and  using  conditions  (5)  for 
determining  of  W(x,  z),  we  come  to  the  parabolic  equation 


,  „  .,<)W  „ 

dx*  <>z 

and  the  boundary  condition 


W  (X,  -/)  =  /“•  (X.  1)  *‘<**‘-<1'.  (7) 

With  the  help  of  Green's  function 

r  (X  -  X',  2  -  2')  =|/ a exp  -  t] 

task  (6),  (7)  is  reduced  to  the  integral  equation 
;  W  (X.  l)  =.  J  r  (x  -  X',  2  -  z')  e  (X'./)  dx',  (9) , 
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making  it  possible  to  determine  field  distribution  on  the  surfaces  of 
mirrors. 


Integral  equation  (9)  succeeds  in  solving  strictly.  As  a  result 
for  determining  the  natural  frequencies  of  the  resonator  examined  we 
obtain  the  equation 


cos 


I 


(10) 


^  “T  *77 

where  are  introduced  designations'^  ^  2*/ —  M  =  field 

distribution  on  the  mirrors  is  determined  by  the  formula 


IV„(x.  1)  =  [2  VM  (1  -  0  ~]  e 

where  ff„  is  Hermite's  polynomials. 


-(M-Uj,  iM-i 
^  * 


(11) 


Results  easily  are  generalized  to  the  three-dimensional  case. 
Natural  frequencies  are  determined  by  the  equation 

=  (12) 

Field  distribution  on  the  mirrors  is  given  by  the  formula 

W„„  (X,  y,  1)  =  W„  (X,  0  (y,  1).  (13) 

Obtaining  results  relate  to  the  resonators  with  the  limitless 
mirrors.  In  the  case  of  the  limited  mirrors  it  is  possible  to  conduct 
the  ai^ropriate  evaluations  and  to  show  that  formulas  (12)  and  (13) 
will  be  valid  approximately  for  those  natural  oscillations,  for  which 
value  W(a«)  is  respectively  low,  where  2a,  -  width  of  mirror. 
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In  the  work  analogously 
the  open  resonators  with  the 


investigated  the  natural  oscillations  of 
concave  (spherical)  mirrors. 
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Diffractions  of  plane  electromagnetic  wave  in  cylindrical  conductor 
in  plane  layer  of  dielectric. 

V.  A.  Kaplun,  A.  A.  Pistol 'kors. 

In  limitless  plane  layer  of  dielectric  without  the  losses  is 
included  the  infinite  ideally  conducting  thin  lead/duct  whose  axis 
lies/rests  at  the  mean  section  of  layer.  Is  examined  the  diffraction 
of  plane  electromagnetic  wave,  which  falls  at  arbitrary  angle  to  the 
layer,  but  so  that  the  vector  of  the  electric  field  of  the  incident 
wave  and  lead/ duct  lie/rest  at  the  plane  of  incidence. 

With  the  solution  of  problem  first  is  located  the  propagation 
constant  of  electromagnetic  waves  along  the  lead/duct,  that 
corresp>onds  to  the  absence  of  external  excitation,  and  then  with  the 
help  of  the  obtained  results  are  examined  the  conditions  of  exciting 
the  lead/duct  by  the  incident  wave.  During  the  determination  of  the 
diffracted  fields  the  cylindrical  field  of  lead/duct  is 
decomposed/expanded  into  the  plane  waves  which  in  turn,  are  divided 
into  the  components,  the  perpendicularly  and  in  parallel  polarized  to 
the  interfaces.  Each  of  the  components  then  is  examined  separately. 
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As  a  result  of  using  the  boundary  conditions  on  the  surface  of 
lead/duct  for  the  sum  of  the  longitudinal  components  of  electric 
field  is  obtained  the  equation  for  the  determination  of  propagation 
constant.  The  entering  the  equation  integral  of  the  complex  function 
is  computed  numerically. 

Are  given  the  graph/diagrams  of  the  dependence  of  the  calculated 
propagation  constant  on  the  parameters  of  layer  and  lead/duct 
(thickness  of  the  layer,  the  diameter  of  lead/duct,  etc.). 

Further  is  examined  the  excitation  of  conductor  by  an  outside 
source  -  incident  to  the  layer  plane  electromagnetic  wave.  Is 
conducted  the  analysis  of  the  obtained  expression  for  the  current  in 
the  lead/duct.  It  shows  that  with  the  coincidence  of  propagation 
constant,  created  by  outside  wave,  with  its  own  propagation  constant 
of  system  "layers  -  the  lead/duct"  the  current  of  lead/duct  with  the 
ideal  material  approaches  infinity.  This  phenomenon  in  practice  can 
be  observed  with  the  dielectric  constant  of  the  material  of  layer 
less  than  1  (for  example,  in  the  layer  of  plasma). 
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Radiowave  propagation  in  the  waveguide  channel  Earth  -  ionosphere. 

T.  I.  Volodicheva,  E.  M.  Gyunninen,  I.  N.  Zabavina,  S.  T.  Rybachek. 

Le.4  ^  and  <p  -  spherical  coordinates  with  the  beginning  in  the 
center  of  terrestial  globe.  In  cavity  a<r<s  between  the  Earth  (r<a) 
and  ionosphere  (r>c.)  is  sought  the  field  of  the  electric  dipole, 
arranged/located  at  point  r«b,  9>0  and  directed  along  r,  with  the 
moment/ torque  =  , 

FOOTNOTE  ‘.  a<b<C.  ENDFOOTNOTE. 

the  field  are  considered 

(1> 

(2) 

Key:  (1).  with.  (2).  and. 

twisting  the  ionosphere  it  is  assumed  the  anisotropic  as  a  result  of 
the  magnetic  field  Earth;  the  given  surface  impedances  6  and  A<*  (i. 


For  electrical  £  and  magnetic -^i  vectors  of 
carried  out  the  boundary  conditions 

£,  =  npa  r  =  a 

O’ 

“■  E*  =  Zn{6ii  Ut  +  H^),  ^ 

Ef  —  —  (Aji  H%-\-  bff  ops  r  tm  c 
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k=l,  2)  are  assumed  to  be  known  ones,  Z**  —  characteristic 

impedance  for  air. 


Page  191. 


du  are  found  from  the  solution  of  the  separat  problem  about  an 
incidence  in  the  plane  wave  on  the  flat/plane  ionospheric  layer, 
heterogeneous  in  height,  and  during  the  arbitrary  orientation  of  the 
magnetic  field  of  the  Earth  and  refract ivity  gradient  of  the 
ionosphere  relative  to  each  other  and  incident  direction  in  the  wave. 
Solution  is  constructed  as  expansion  in  terms  of  the  separate 
rays/beams,  moreover  to  each  ray /beam  are  compared  their  impedances 
Au.  found  at  the  same  angle  of  incidence  in  the  plane  wave  on  the 
boundary  of  layer,  that  also  in  this  ray/beam.  In  the  terms  r-yx  the 
component  P  and of  Hertz's  electrical  and  magnetic  vectors  solution 
is  represented  in  the  form 


ln|  *■ 

n""‘ 

CM 

q(m> 

we 


K  i  S  («  +  4) 

Ip*# 

n<*.’  =  0 


Key;  (1).  where. 


-  solution  for  the  spherical  Earth  without  the  ionosphere,  and 
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2  ■2)Zn(**)^«  (coee)-^}?*(*r),  (5) 

B(m)  ^  S  ("+  t)  •‘2n(ld>)‘P„  (co8e)-^(*r)  [«2,r-*  .^, 

‘  —  »»>2,  (6) 

where  matrices/dies  and  e„  are  assigned  by  the  formulas 


'  ^  1  "'‘I  J-'’"  ■'‘H  I 

*"  1  l'■x■'■x•  X'‘X''‘xr 

(7) 

1  ft 

(8) 

.  Ur^.ZUkr),  (kr)  1 

(Ar).  ^r^2;^(Ar)  r 

(9) 

and  differs  from  g'„  in  terms  of  the  fact  that  the  elements/cells 
of  the  second  column  are  different  zero. 

Through  and  rj_  are  designated  "spherical”  reflection 
coefficients  from  the  Earth  for  the  vertical  and  horizontal 
polarizations,  through  n'’ii>  and  x'’x  the  analogous  reflection 

coefficients  from  the  ionosphere,  the  first  mark  designating  the 
polarization  of  the  incident  wave  and  the  second  -  polarization  of 
that  reflected.  For  the  brevity  is  marked 
Zn  (*)-;!?’(*) + 

Zif  (X)  -  (*)  +  (lo) 

and;^',?*  and  ;|*>  —  "spherical”  Hankel  functions,  p„(cos8)-<  Legendre's 
polynomials. 
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Page  192. 

Series/rows  (5)  and  (6),  registered  in  the  form  of  contour 
integrals,  are  represented  (in  the  case  of  straight/direct 
rays/beams)  in  the  approximation/ approach  of  reflecting  formulas  and 
(in  the  case  of  diffraction  rays/beams)  they  are  computed  by 
numerical  contour  integration,  close  one  and  duct/contour  of  the 
fastest  descent.  In  the  latter  case  the  magnetic  field  of  the  Earth 
is  not  considered,  since  its  effect  proves  to  be  small. 


In  the  second  part  of  the  work  the  solution  (without  taking  into 
account  the  magnetic  field  of  the  Earth)  is  represented  in  the  form 


expansion  in  terms  of  the  waveguide  modes.  Eigenvalues  were  located 
by  the  numerical  solution  of  the  transcendental  equation 


relatively  v. 


where 

^  (fa) (*«•') 


HI) 

(12) 


l',}'  {hoy  r  (*a) 


(13) 


moreover  function 'C,"  and^;«f>  (and  also  their  derivatives  on  n, 
necessary  for  the  determination  fields)  they  were  computed  with  the 
help  of  the  integral  representations  of  Sommerfield  for  the  Hankel 
functions.  Integration  was  conducted  according  to  the  ducts/contours 
of  the  fastest  descent. 


I 
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Results  of  asymptotic  calculations  in  the  problem  about  the 
propagation  of  electromagnetic  waves  of  low  frequency  in  the 
waveguide  Earth  -  ionosphere. 

Ye.  G.  Guseva,  D.  S.  Fligel*. 

1.  Examination  of  formulas  for  vertical  component  of  electric 
field  and  equation  of  poles  for  spherical  and  flat/plane  waveguide 
(vertical  dipole,  uniform  Earth  and  ionosphere). 

2.  Comparison  of  results  of  calculating  poles  (wave  numbers)  for 
flat/plane  waveguide  Earth  -  ionosphere  (from  works  of  E.  L.  Alpert, 
P.  Ye.  Rrasnushkin,  J.  R.  Waita)  in  the  range  of  frequencies  from  1 
kHz  to  30  kHz. 

3.  Comparison  of  results  of  calculations  of  poles  for  flat/plane 
and  spherical  waveguides  (from  50  Hz  to  30  kHz)  and  comparison  of 
amplitxide  spectra  calculated  according  to  these  data. 

4.  Comparison  of  results  of  theoretical  calculations  with 


experimental  data 
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a)  amplitude  dependences  of  field  on  distance  (at  fixed/recorded 
frequencies) , 


b)  phase  speed. 


DOC  -  82036013 


PAGE 

Accelerating  system  with  drift  tubes  for  superhigh  frequencies. 

V.  B.  Krasovitskiy,  V.  I.  Kurilko. 

The  use  of  large  electric  intensities,  obtained  at  present  with 
the  help  of  the  quantiim  generators,  for  accelerating  the 
charged/loaded  particles  requires  the  developments  of  circuits  for 
the  waves  of  the  corresponding  frequency  band  [1],  As  one  of  such 
systems  can  serve  the  cylindrical  diffraction  grating  proposed  by  Ya. 
B,  Faynberg,  which  is  the  analog  of  the  accelerating  system  with  the 
drift  tubes,  utilized  in  the  linear  accelerators. 

In  the  work  is  examined  the  excitation  of  this  lattice,  formed 
by  the  infinitely  thin  conducting  rings  of  radius  a  and  width  1/2(1  - 
period  of  structure),  placed  into  the  dielectric  with  e~i. 

page  193. 

Excitation  is  realized  with  the  help  of  the  axially  symmetrical 
convergent  wave.  Is  examined  the  case,  when  wavelength  X..l<a. 

Solutions  for  the  stray  fields  in  the  system  can  be  sought  in 
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/  ''  4/ 


the  form  of  Fourier  series  with  the  period,  equal  to  the  period  of 
lattice.  The  amplitudes  of  Fourier's  components  are  found  from  the 
boundary  conditions  for  and  with  the  help  of  the  method, 
proposed  in  [2]. 


It  is  shown  that  for  the  frequencies,  determined  by  the 


condition 


-f-  +  arctg(6Ke  — 1)1;  n~  y, 


the  amplitude  of  the  fundamental  harmonic  whose  phase  speed 

=  is  close  to  the  speed  of  light  when  1,3-4  times  it 

exceeds  the  amplitudes  of  adjacent  harmonics.  For  these  frequencies 
the  amplitude  of  the  fundamental  harmonic  on  the  axis  of  system,  in 
reference  to  the  amplitude  of  the  incident  wave  on  the  surface  of 
lattice,  proves  to  be  equal  to 

-T-; -  =  1/  —  (g—  1)’/., 

Thus  in  the  presence  of  dielectric  simultaneously  with  the 
delay/retarding/deceleration  of  wave  can  occur  the  focusing  of  field 
near  the  axis  in  the  region  with  the  sizes/dimensions  of  the  order  of 
wavelength.  The  radial  force,  which  functions  on  relativistic 
particle  (PI^>1),  which  moves  near  the  axis  of  system,  it  proves  to  be 


focxising: 


/,  =  g(£,  (0)  /,  (  Ip  ; 

A(A.p)  =  0 


t 
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There  are  examined  also  the  dispersive  properties  of  this 
system,  moreover  it  is  shown  that  for  the  frequencies,  close  to  the 
resonance  /(Dp  = the  fading,  caused  by  radiation/emission  through 

s  ay  t  f 

the  slots,  is  small  n—  the  nxanber  of  harmonic,  L  -  length  of 

\  Ij 

lattice). 
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The  question  of  propagation  of  electromagnetic  waves  in  waveguides 
with  a  large  number  of  longitudinal  slots. 

V.  V.  Meriakri,  M.  V.  Persikov,  A.  N.  Sivov. 

1.  Is  examined  regular  system,  formed  by  circular  smooth  metal 
tube  and  lattice,  placed  into  it,  convoluted  into  round  cylinder  in 
such  a  way,  that  its  conductors  would  be  parallel  to  axis  of  external 
duct  (z  axis).  In  this  case  external  and  internal  cylinders  coaxial, 
and  their  radii  are  equal  with  respect  to  b  and  a.  Lattice  is 
periodical  in  azimuth  bearing  (ip)  with  period  p  which  is  assumed 
small  in  comparison  with  the  wavelength  X.  To  the  transverse 
sizes/dimensions  of  conductors  with  respect  to  the  period  no 
limitations  are  superimposed. 

Page  194. 


2.  for  analysis  of  conditions  for  propagation  of  electromagnetic 
waves  is  used  set  of  boundary  conditions,  obtained  in  [1].  In  this 
system  the  most  separate  possible  existence  of  symmetrical  magnetic 
and  electrical  waves.  In  this  case  boundary  conditions  in  the 
cylindrical  coordinate  system  (r,  a,  z)  take  the  form:  for  the 
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electrical  waves 

:  A’.s  -  /:■*.  =  ih  v 

-!  (//,,- /A,); 

for  the  magnetic  waves: 

_  //„  =  -  D-J  (A\,  +  A’„). 

-  A’.I  =  /A/  (//..J  -r  -tf.,); 


Il) 


(2) 


here  A  =■  ^  ^  A-  —  /*  —  phase  constant , 

D^ikly  M,  Af  = -f— (*' -  l.  A  3)and  A,  -  lattice  parameters,  which 
depend  on  the  form  and  the  relative  sizes/dimensions  of  conductors. 
Indices  "I*  and  "2"  relate  to  the  regions  0<r<a,  a<r<b  respectively. 
Boundary  conditions  (1)  reduce  to  the  dispersion  equation  for  the 
symmetrical  electrical  waves 


Q< «.-/.)  4- 
a  t,)  -r  iQt 


/.{^)  =  0. 


(3) 


but  conditions  (2)  give  equation  for  the  magnetic  waves 


.Mr) 


Qj(l  -aSH,.W)  4.  2a/ 
(1  •  a*//w»/)  -r  ll0si‘i‘W 


•y«(x)  =0, 


(A) 


x*aa,  Qi  —  some  combinations  of  the  Bessel  functions  and  Neumann. 
Equations  (3),  (4)  ensure  correct  transition,  in  particular,  during 
the  unlimited  approach  of  the  conductors  of  lattice. 


According  to  equation  (4)  by  ETsVM  is  produced  the  calculation 
of  eigenvalues  of  waves  of  the  type  ifon  for  large  set  of  parameters 
of  system. 


3.  Is  obtained  expression  for  amplitudes  An  of  waves  of  type 
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^fO 


//on.  appearing  at  joint  of  system  in  question  and  smooth  waveguide  of 
radius  a;  during  incidence  on  it  in  wave  /^oi  from  smooth  waveguide: 

a 

-^i“i  S  •/'  t“./) 

- - - -  (5) 

is  ‘I  -r-  S  (J,/)  -  rrfrl 

®  _  0  ■  1 

a.  =  j!!L  ,  y|(ijii)  =  0;  a,.  =  ^22.  •  r  “  Some  combinations  of  Bessel 

functions  and  Neumann. 

4.  Experimental  research  of  system  with  joint  gave  good 
coincidence  with  results  of  calculation  according  to  formulas  (4)  and 
(5). 


5.  Analysis  of  waveguides  conducted  with  large  niunber  of 
longitudinal  slots  made  it  possible  to  create  series/row  of 
efficiently  functioning  waveguide  elements/cells 
(variable/alternating  attenuators,  filters  and  couplers)  for 
circuits,  which  work  on  wave'H,,. 
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Page  195. 

Waveguide  bend. 

B.  I.  Volkov,  S.  Ya.  Sekerzh-Zen'ko. 

Two  rectilinear  semi- inf inite  waveguides  of  the  round  cross 
section  of  an  identical  radius  are  connected  by  the  bent  section.  The 
form  of  the  cross  section  of  transition  differs  little  from  the 
circle.  Surface  of  waveguide  ideally  conducting.  Is  placed  the  task 
of  determining  the  amplitudes  of  the  reflected  and  scattered  waves 
with  the  incidence/drop  in  the  bent  section  of  the  waveguide  of  the 
assigned  normal  wave.  Boundary -value  problem  for  the  equations  of 
Maxwell  is  reduced  to  the  boundary- value  problem  for  the  system  of 
ordinary  differential  equations  relative  to  the  unknown  amplitudes. 

Is  conducted  qualitative  research  of  the  obtained  system,  and 
also  are  examined  the  methods  of  the  numerical  solution,  which  use 
the  high  speed  computers.  Define  the  boundaries  themselves  of  the 
applicability  of  asymptotic  formulas. 
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Propagation  of  electromagnetic  vibrations  in  waveguides  with 
irregular  lateral  surface. 

A.  S.  Ilinskiy. 

Is  examined  the  task  about  the  propagation  of  stationary 
electromagnetic  field  in  the  heterogeneous  waveguides.  As  the  typical 
is  selected  the  task  about  the  agreement  of  circular  and  rectangular 
waveguides  with  the  help  of  the  transition  section. 

Is  constructed  approximate  solution  of  task  in  the  form  of 
series/rows  along  certain  complete  system  of  the  vector  functions, 
which  satisfy  boundary  conditions  on  the  lateral  surface  of 
waveguide.  The  determination  of  the  coefficients  of  expansion  is 
reduced  to  the  solution  of  boundary- value  problem  for  the  system  of 
ordinary  differential  equations.  The  solution  of  the  latter  is 
conducted  numerically  on  EVTsM.  is  investigated  the  dependence  of  the 
gear  ratios/transmission  factors  and  reflection  from  the  form  of 
transition  and  frequency.  Is  carried  out  comparison  with  the 
asymptotic  results. 
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Approximation  method  of  calculating  field  distribution  in  a  sectoral 
horn  with  impedance  walls. 

D.  V.  Shannikov. 

The  task  about  the  excitation  of  wedge  impedance  regions  is 
examined  in  a  whole  series  of  the  work  of  many  authors.  Usually  the 
authors  are  limited  to  the  case  when  wedge  angle  is  equal  to  ~ *  .-t. 
where  to  m  and  n  -  integers.  This  is  connected  with  the  very  great 
mathematical  difficulties,  which  appear  with  the  solution  of  the 
problem  about  the  wedge.  Furthermore  almost  in  all  works  it  is 
discxissed  the  impedance,  connected  with  the  poor  conductivity  of  the 
walls  of  wedge  it  is  small).  However,  in  a  whole  series  of 

practical  tasks  it  proves  to  be  interesting  to  consider  the  case  when 
2n,.,  is  great.  This  occurs,  for  example,  when  the  vector  of  electric 
field  is  perpendicular  to  the  metallic  wall,  covered  with  dielectric 
layer,  or  when  it  is  parallel  to  wall,  and  dielectric  layer  has  a 
thickness,  close  to  the  critical 

,  4  V  rf^)  • 

Page  196. 


■<1 
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In  this  case  it  proves  to  be  possible  to  represent  the  solution 
of  problem  in  the  form  of  series/row  according  to  the  degrees  of  the 
low  parameter  a: 

/•:  :  V  ft),  (n 

»t  •» 

where  E  -  transverse  component  of  electric  field,  parallel  to  the 
surface  of  wedge,  and  a  -  coefficient,  entering  the  boundary  ones  the 
condition 

2:  ytirE  -  id;  ft  --  ±  i,  (2) 

where  -  coordinates  of  the  faces  of  wedge. 

We  will  consider  that  E  satisfies  homogeneous  wave  equation 
everywhere,  with  exception  of  the  apex/vertex  of  the  wedge  where  is 
arranged/located  the  filamentary  source  whose  intensity  does  not 
depend  on  value  a.  This  gives  grounds  to  register  solution  for  E.(r, 
a)  in  the  form 

A'.,  (r,  ft)  =  //!,-’  (At).  (3) 

where  source  strength  is  placed  equal  to  one,  and  dependence  on  the 
time  is  undertaken  in  the  form 

The  substitution  of  expansion  (1)  in  the  equation  and  into 

boundary  conditions  (2)  gives 

M'n  -r  A*^,,  =  ft  (4) 

%'-±  At£»  =  U;  ft  -±p,  (5) 

# 

i.e.  the  solution  of  problem  is  reduced  to  the  solution  of  the 
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equation  of  Helmholtz  under  the  heterogeneous  boundary  conditions. 

Its  solution  is  conducted  with  the  help  of  the  transformation  of 
kontorovica-  Lebedev; 

(d.  V)  =  \  En  (r,  ft)  —  dr.  (6) 

U  _ 

The  transformation  of  boundary  conditions  and-  equation  leads  to 

the  following  reiationships/ratios: 

-f  =0.  (7) 

^  ±  5  (r.  ft)  {kr)  d{kr)=  0,  (8) 

a 

solution  of  which  taking  into  account  the  symmetry  of  task  relatively 
-ft^O  gives 

(ft,  v)  =  .4«  (v)  cosvft.  (9) 


For  n>l  it  is  possible  to  obtain 

)  2  )  (,-113  nv  - 1)  sia  v3 

-  ICO 


(10) 


Latter/last  integral  for  large  kr  can  be  calculated 
approximately  by  the  method  of  steady  state,  for  which  Hankel's 
function  is  substituted  by  its  integral  representation.  It  should  be 
noted  that  after  the  appropriate  transformations  it  is  evident  that 
near  the  way  of  integration  are  arranged/located  the  poles  of 

CO  ' 

integrand.  Thus,  in  the  final  formula  is  used  function  /  =  \ 

-.3 

calculated  in  the  work  of  V.  A.  Foch. 
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Page  197. 

Final  result  for  Ei(r,  d)  takes  the  following  form: 

^  ‘  ""  '  {l  sir'*  ^  ‘  ^  “V"  ('•■*  2n  dij  ,  (-1 J) 

0 

where  a  =  j/^(3  —  d)  e‘‘T;  ^  (^>)  _  .auxiliary  function,  ■  calculated  in  the 
referred  work. 

Besides  expression  (11)  for  it  is  possible  to  obtain 
expansion  in  Bessel  functions,  for  which  it  is  necessary  to  use  the 
inversion  formula,  obtained  by  M.  I.  Xontorovich  and  N.  N.  Lebedev, 
into  which  enters  not  the  function  of  Hankel,  but  Bessel  function. 
Using  this  form  of  solution,  it  is  possible  to  show  that  E,  with 
tendency  r  toward  zero  also  it  vanishes,  i.e.,  it  does  not  have 
special  feature/peculiarity  in  zero. 

Determination  A.  where  n>l,  presents  great  computational 
difficulties.  Therefore  the  method,  analogous  to  calculation  Ex, 
produced  estimation  E,. 

It  turned  out  that  when  the  third  term  of  expansion  (1) 

is  less  than  the  second.  Thus,  the  obtained  formulas  it  is  possible 
to  use  only  at  the  sufficiently  low  values  a,  moreover  at  the  high 
values  of  kr  it  is  necessary  that  a  Would  be  sufficiently  little.  In 
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the  work  are  carried  out  the  calculations  for  the  different  flare 
angles  of  wedge  and  values  a<0.1.  Results  are  compared  with  the 
experiment. 
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Resonance  diffraction  of  electromagnetic  waves  on  a  sphere  (cylinder) 
being  deformed. 

A.  A.  Andronov. 

The  electromagnetic  resonance  properties  of  the  limited  objects 
are  defined,  as  is  known,  by  their  electrodynamic  and  geometric 
characteristics.  However,  the  ponderomotive  forces,  which  appear  with 
the  diffraction  of  electromagnetic  waves  change  the  parameters  of 
similar  bodies,  moreover  ponderomotive  forces  are  especially  great  in 
the  presence  of  the  resonance  and,  therefore,  they  attempt  to  deduce 
object  from  the  resonance. 

In  the  report  is  exeunined  quasi-static  dipole  resonance  in  the 
sphere  (cylinder)being  deformed.  Is  given  the  simple  concentrated 
model,  which  illustrates  all  basic  features  of  the  task  in  question. 
Are  investigated  the  solid  sphere  (cylinder)  and  the  plasma  sphere 
(cylinder),  placed  into  the  elastic  shell,  during  a  small  strain.  Is 
found  the  dependence  of  the  scattering  cross  section  of 
electromagnetic  waves  on  the  amplitude  of  the  incident  field.  Is 
examined  Raman  scattering  of  electromagnetic  waves  on  the 
oscillations  of  sphere  (cylinder). 
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Efficient  diameter  of  the  backscattering  of  meteor  trails, 
coRunensurate  with  the  size  of  Fresnel  zone. 

Yu.  M.  Zhidko,  V.  N.  Kopaleyshchvili. 

To  the  st\:dy  of  reflections  from  the  meteors  and  meteor  traces 
are  devoted  many  works.  In  the  larger  part  of  these  works  the 
scattering  of  the  meteor  trails  is  examined  in  the 
approximation/approach  of  Fraunhofer  diffraction.  However,  this 
examination  is  not  always  correct:  in  a  number  of  cases  the 
sizes/dimensions  of  meteor  trails  prove  to  be  such  large  (several  ten 
kilometers) that  at  the  length  of  trace  are  placed  several  Fresnel 
zones.  These  cases  are  examined  in  the  report. 

Page  198. 

Problem  is  solved  on  the  assumption  that  the  meteor  trail  is 
dielectric  cylinder  with  variable/alternating  (along  the  axis,  also, 
on  a  radius)  dielectric  constant  t,  slighcly  different  from  the  dielectric 
constant  of  environment  V  This  gives  the  possibility  to 
use  Born  approximation.  It  is  assumed  also, that  the  transverse 
size/dimension  of  cylinder  is  much  lower  than  the  Fresnel  zone,  and 


DCX:  -  82036013 


dependence  on  the  coordinates  takes  form  v)  = /,(z)-/,(v),  where  .v 
and  z  -  coordinates  along  a  radius  and  an  axis  respectively.  In  this 
case  the  field  at  observation  point,  caused  by  the  reflection  of  the 
spherical  wave  incident  to  the  meteor  trail,  takes  the  form 


E 


+'t 

— M 


(»)• 


where  A  -  constant,  which  depends  on  the  electron  concentration  in 
the  trace,  9(^)  -  the  diagram  of  scattering  the  element/cell  of  trace 
by  a  length  of  d/z  (disk  with  a  thickness  of  dz) ,  —  the  angle 

between  the  axis  of  trace  and  the  direction  from  one  observation 
point  to  the  next  on  the  axis  of  trace  with  coordinate  z:  p  - 
distance  from  observation  point  to  the  elementary  section  of  trace 
with  coordinate  z;  1  -  length  of  trace;  *  “  ^  "  wavelength.  In  the 

approximation/approach  of  Fraunhofer  p«R+zsind,  where  R  and  ♦ 

the  value  of  values  p  and',«,  for  the  center  of  trace.  If  the  length 
of  trace  is  commensurated  with  the  size/dimension  of  Fresnel  zone, 
then  with  the  expansion  p  and  in  the  series/row  in  terms  of  z  and 
«  should  be  retained  the  members  of  the  following  order.  As  a  result 
expression  (1)  will  take  the  form 

£(0)3:.4- -^9  (<»)  ^  /i  (z)  (l— (*'«>»•♦  X ’*"*•)  rfa,  (2) 

where 


X 


w  2coai> 


ae  siQ  9. 
9(0) 


On  the  basis  of  expression  (2),  are  obtained  the  formulas  for 
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the  efficient  diameter  of  backscattering  o  in  the  case  of  fi(z)«const 
(uniform  cylinder),  fi(2)>«q+bz  (electron  concentration  varies  along 
the  axis  according  to  the  linear  law)  and  some  other  forms  of  the 
function  fi(z).  The  obtained  expressions  for  o  are  equal  with  the 
analogous  expressions,  found  under  the  assumption  of  Fraunhofer 
diffraction  (o»).  iAni  45  would  expect,  the  greatest  difference  between  o 
and  O'*  occurs  with  during  the  normal  irradiation  of  trace.  With  the 
decrease  of  angle  a  the  difference  between  o  and  o,  is  reduced.  In 
the  case  of  the  cylinder  uniform  along  the  length  whose  radius  is 
less  or  of  the  same  order  as  wavelength  X,  this  difference  proves  to 
be  unessential  already  when,(><  If  the  transverse 

size/dimension  of  trace  is  sufficiently  great  (in  comparison  with  X), 
then  difference  o  and  can  prove  to  be  essential  and  in  the 
inclined  irradiation. 

Analogous  results  are  obtained  also,  if  the  electron 
concentration  in  the  trace  is  so  great  that  the  trace  can  be 
represented  by  the  ideally  conducting  cylinder.  The  solution  of 
problem  in  this  case  is  found  in  the  approximation/approach  of 
physical  optics. 
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Page  199. 

Diffraction  of  electromagnetic  waves  on  confined  plasma  with  the 
presence  of  spatial  dispersion. 

V.  B.  Gil'denburg,  I.  G.  Kondratyev. 

The  problem  about  scattering  of  plane  electromagnetic  wave  on 
the  uniform  plasma  objects  with  the  sharp  boundaries  is  solved  taking 
into  account  the  spatial  dispersion,  caused  by  thermal  electron 
motion.  Primary  attention  is  paid  to  the  research  of  the  resonance 
effects,  connected  with  the  excitation  in  the  plasma  of  natural 
transverse  (electromagnetic)  and  longitudinal  (plasma)  oscillations. 

In  the  presence  of  spatial  dispersion  (considered  in  the 
hydrodynamic  approximation/ approach)  the  field  in  the  plasma  is 
convenient  to  consider  as  the  superposition  of  electromagnetic 
(E„H,>^0)  and  plasma  (Ep^O,  H,>0)  the  fields,  which  satisfy  the 
conditions 


div  E,  =■  0,  rot  Ep  a  0 


(1) 
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and  described  by  the  independent  wave  equations 

AE»,  p  *1*  AiJ,  p  E»,p=0.  (2) 

Here  fcj  =  ^e,  A*  = e,  oi  -  the  field  frequency,  c  -  the  speed  of 

®T  ^ 

light,  Vy  -  average/mean  thermal  velocity,  e  =  i  —  cop  plasma 
frequency.  On  the  boundaries  of  object  together  with  the  continuity 
conditions  of  the  tangential  components  of  electrical  and  magnetic 
fields  it  is  necessary  to  satisfy  also  the  continuity  condition  of 
normal  component  of  electric  field  (under  the  assumption  of  the 
mirror  reflection  of  particles  on  the  boundary  of  plasma).  The 
identical  form  of  wave  equations  for  fields  £,  and  Ep  makes  it 
possible  to  claim  that,  at  least,  all  those  tasks,  which  are  solved 
by  the  method  of  separation  of  variable/alternating  in  the  case  of 
cold  plasma,  without  the  special  difficulties  can  be  generalized, 
also,  to  that  heated.  As  an  example  of  this  generalization  is 
examined  the  task  about  the  diffraction  of  plane  wave  on  the  bodies 
of  the  simplest  geometric  form:  sphere  and  infinite  cylinder. 

For  the  sphere  the  solution  is  found  out  by  field  expansion 
inside,  also,  out  of  the  plasma  in  terms  of  the  vector  spherical 
functions.  The  coefficients  of  expansion,  which  are  the  amplitudes  of 
the  multipole  oscillations  of  different  orders,  are  determined  from 
the  boxindary  conditions  on  the  surface  of  sphere.  If  a  radius  of 
sphere  a  is  small  in  comparison  with  the  wavelength  in  the  free  space 
X>2xc/w,  then  the  frequency  dependence  of  these  coefficients  carries 
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the  pronounced  resonance  character:  the  amplitudes  of  the  scattered 
waves  of  different  multipole  types  sharply  grow  near  the  natural 
frequencies  of  the  corresponding  multipole  oscillations  of  sphere.  In 
the  absence  of  dispersive  processes  in  the  plasma  the  cross  section 
of  scattering  in  the  presence  of  the  resonance  reaches  the  value 

^pe,  =  ^(2n+l).  (3) 

where  n  -  order  of  the  resounding  multipole  (n»l  -  dipole,  n“2  - 
quadrupole,  etc.).  Resonance  condition  for  the  sphere  of  small 
sizes/dimensions  (a«X)  takes  the  form 

n  —  e)  /n  (A-p  n)  —  1^  /..  (kp  a)  (gn  -f  n  +  1)  =  0  (4) 

-  spherical  Bessel  functions)  and  when  (that  it  is 

applicability  condition  for  entire  examination)  determine  two 
different  series  of  resonance  frequencies. 

Page  200. 

One  of  them  (corresponding  to  electromagnetic  resonances)  is 
approximately  determined  by  the  relationship/r Atio 

e((o„)n  J-  n  -f  I  =  (t, 

but  the  second  (corresponding  strictly  to  plasma  resonances) 
lies/rests  at  the  region  of  low  positive  values  r.  for  which 
A,.(i  n  and  where  with  one  and  the  same  n  equation  (4)  has  many 
different  roots.  When  these  roots  are  determined  especially 

simply  and  they  give  for  resonance  frequencies  the  following 
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expressions: 


If  the  only  mechanism  energy  loss  for  the  natural  oscillations  of 
sphere  are  radiation  losses,  then  plasma  resonances  (6),  have  a  width 
of  line,  approximately/exemplarily  once  less  than 

electromagnetic  (5). 


Interesting  special  features/peculiarities  possesses  field  in 
the  sphere  when  e  -  o.  The  amplitudes  of  electromagnetic  and  plasma 
fields  are  converted  in  this  case  into  infinity;  however,  total  field 
as  a  result  of  their  mutual  compensation  proves  to  be  final. 

Analogous  results  are  obtained  with  the  solution  of  the  problem 
about  the  diffraction  on  the  infinite  plasma  cylinder  whose 
generatrix  is  perpendicular  to  electric  field  and  wave  vector  of  the 
incident  plane  wave. 
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Study  of  ellipsoid  electromagnetic  emitters  in  conducting  mediiim. 

Yu.  Ya.  lossel',  E.  S.  Kochanov,  Ye.  A.  Svyadoshch. 

Due  to  the  strong  fading  of  electromagnetic  field  in  conducting 
medium  for  the  series/row  of  practical  tasks  are  used  electrical  type 

S 

low-frequency  emitters  (elongated  form)  whose  sizes/dimensions  are 
considerably  less  than  the  wavelengths  emitted  by  them. 

Is  examined  the  task  about  definition  of  both  components  of 
electromagnetic  field  at  the  distances,  congruent  with  the 
sizes/dimensions  of  emitter. 

I.  Formulation  of  the  problem.  With  the  solution  of  problem  the 
determining  role  plays  not  fading  EMP,  but  the  form  of  emitter  and 
the  location  of  electrodes  on  its  surface. 

Therefore  are  justified  the  following  assumptions: 

1)  the  equations  of  maxwell  are  substituted  by  the  approximate 
system  of  equations 


rot  H  s  j,  div  H  ^  0,  j  =  sE, 
rot  E  =  0,  div  E  =  0; 


(1) 

(2) 
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2)  the  surface  of  emitter  is  substituted  by  the  prolate  spheroid 
and  is  introduced  the  spheroidal  coordinate  system. 

Emitters  are  the  asymmetrically  excitable  ellipsoids  of 
revolution;  metallic  (ideally  conducting)  and  dielectric. 

II.  Method  of  solution.  In  the  approximation/approach  in 
question  the  electric  field  is  potential. 

Page  201. 

Vector  electric  intensity  is  located  employing  the  known  procedure  of 
the  solution  of  the  equation  of  Laplace  in  the  spheroidal  coordinate 
system  as  expansion  in  the  series/row  in  terms  of  the  associated 
functions  of  Legendre: 

E  =  —  gra.l  9i  (3) 

•P  =  S  Mh  cos  ma  -  ff.'!  sin  moj  (5)  (n).  (4) 

n=:l  ms=# 

where  -  the  constant  coefficients,  determined  upon  the 

satisfaction  to  boundary  conditions  on  the  surface  of  emitter. 

The  determination  of  the  vector  of  magnetic  intensity  with  the 
known  methods  (vector  potential,  the  law  of  Biot  and  Savarr)  leads  to 
the  fundamental  difficulties,  connected  with  the  need  of  integrating 
the  vector  equation  of  Laplace,  since  in  this  case  they  are  different 


DOC  =  82036014 


PAGE 


from  zero  all  three  components  of  vector  potential. 


For  determining  the  components  of  magnetic  field  are  proposed 
the  following  formulas,  which  satisfy  (1): 

j.  3(1 — n*)  ^  ^  {- C BlT'o® "a)  ™ 

^  - ^n(E)p;r(»i);(5) 

fiiHO 

If  3(5’ —  1)  ^  "‘“I 

—  n  (n  f  1)  ^n(E)Pn(ll):  (6) 

riBi  maO 

=  o  K6*-  1  Kl  -  Ti*  2  S  cos  ma  +  B':  sin  mo]  (|)  P"'  (ri)  (7) 


with  the  same  constant  coefficients  A”  and  as  in  the  expansion 
of  potential. 


The  use  of  these  expressions  makes  it  possible  to  automatically 
write  out  the  components  of  magnetic  field  according  to  the 
expression  of  potential. 

III.  Results  of  solution.  Are  given  and  are  justified 
calculation  formulas  for  determining  electromagnetic  field  of  the 
models  being  investigated.  The  results  of  the  calculations  of  passage 
characteristics  are  compared  with  the  results  of  measurements. 


Error  from  the  replacement  of  the  complete  system  of  equations 
of  Maxwell  by  that  approximated  (l)-(2)  is  evaluated  theoretically 
and  it  is  made  more  precise  according  to  the  results  of  measurements. 
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Magnetic  dipole  in  conducting  medium. 

0.  G.  Kozina. 

Are  investigated  the  fields  of  horizontal  and  vertical  magnetic 
dipole  in  two-layered  conducting  medium.  Primary  attention  is  paid  to 
the  study  of  electromagnetic  field  in  the  near  zone.  Is  carried  out 
research  of  the  applicability  of  the  theorem  about  the  reflection  for 
different  properties  of  interface. 

Is  investigated  the  possibility  of  restoring  the  properties  of 
the  second  medium  on  the  measured  field  in  the  first. 


Are  given  the  results  of  nviroerical  calculations. 
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Radiation  of  electromagnetic  waves  by  the  electronic  flux,  which 
moves  above  the  periodic  structures. 

0.  A.  Tret'yakov,  S.  S.  Tret'yakova,  V.  P.  Shestopalov. 

Is  examined  the  task  about  the  radiation/ emission  of 
electromagnetic  vibrations,  caused  by  motion  with  constant  velocity 
v«0c  of  the  flat/plane  monochromatic  electronic  flux  above  the 
diffraction  grating,  comprised  of  the  infinitely  thin  ideally 
conducting  belts. 

Page  202. 

Electronic  flux  moves  perpendicularly  to  the  generatrices  of  belts; 
the  relationship/ratio  between  the  wavelength  X,  the  period  of 
lattice  X  and  the  width  of  belts  d  can  be  any.  It  is  assumed  that 
electromagnetic  field  as  whole  is  moved  above  the  lattice  with  the 
charge  rate. 

Since  lattice  is  assumed  to  be  not  limited,  and  beam  is  the 
periodically  charged/ loaded  plane,  the  unknown  field  is  conveniently 
represented  in  the  form  of  Fourier  series.  Unknown  Fourier 
coefficients  are  found  from  the  subordination  of  field  to  precise 
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boundary  conditions;  the  obtained  boundary -value  electrodynamic 
problem  of  property  then  to  Riemann-Hilbert 's  task.  The  solution  of 
the  latter  takes  the  form  of  the  infinite  system  of  the  linear 
algebraic  equations: 


/'ij*  -  the  polynomial  of  Legendre,  C  -  unknown  intermediate  constant, 

-  the  unknown  Fourier  coefficients  field,  factor  e  determines 
the  characteristics  of  beam.  Series  expansion  parameter  Xn 
determines  the  convergence  of  system  (1);  it  should  be  noted  that 
Xn  ensures  the  more  rapid  convergence  of  system  (1)  in  comparison 

f 

with  the  analogous  system,  which  describes  wave  diffraction  on  the 
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foil  lattice. 

Radiation/ emission  is  possible  only  for  Fouriers'  those 
harmonics,  for  which  is  fulfilled  the  inequality 

P*>(l  f  n-l-)*.  (3) 

where  x  =  (/X,  Since  ^<1,  then  can  be  emitted  only  harmonics  with  the 
negative  indices  n,  in  this  case  occurs  known 

connection/communication  between  the  wavelength  X  and  the  direction 
of  its  radiation/ emission  Ti  relative  to  the  plane  of  the  lattice 

•  (4) 

Page  203. 

Radiation/emission  possesses  directionality;  if  the  condition 
for  radiation/emission  (3)  is  satisfied  for  the  series/row  of 
harmonics,  then  the  directions  of  radiation/emission  form  discrv»te 
spectrum.  Those  harmonics,  for  which  is  satisfied  the  condition  - 
—  n  =  x/3,  are  emitted  strictly  perpendicular  to  the  plane  of  lattice. 
Radiation/emission  is  symmetrical  relative  to  the  plane  of  lattice. 

The  obtained  strict  solution  of  the  problem  about  the 
radiation/ emission  of  waves  by  the  electron  beam,  which  moves  with 
arbitrary  constant  speed,  makes  it  possible  to  determine 
electromagnetic  field  to  any  degree  of  accuracy.  Solution  is  obtained 
in  the  form,  very  convenient  for  the  calculations  on  computer(s). 
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With  the  same  prerequisites/premises  is  examined  the  task  about 
the  radiation/emission  by  the  hollow  cylindrical  beam,  which  moves 
within  the  circular  waveguide,  period  1  and  width  rings  d  of  which 
are  arbitrary.  In  this  case  radiation  conditions  coincide  with 
obtained  conditions  (3)  for  the  flat/plane  structure:  electromagnetic 
field  is  found  from  the  solution  of  the  infinite  system  of  linear 
algebraic  equations,  analogous  (1).  Are  investigated  the  special 
features/peculiarities  of  the  radiation/emissipn  of  electromagnetic 
vibrations  in  such  structures. 
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Dispersive  properties  of  transition  layer. 

N.  V.  Tsepelev. 

Is  examined  the  task  about  the  propagation  of  oscillations  in 
the  mediiim  with  the  transition  layer,  wave  processes  in  which  are 


described  by  system  of  equations 

1 


H»  dt* 


.  V  =  1.  2,  3, 


where  which  »»  =  const,  Vi  =  and  i-.  =  and  on  the  interfaces  z*0  and 

z-H  are  satisfied  the  conditions 


«o  =  «».  =  -^  npH  2  =  0, 


u.  =  u 


du\ 
*’  ds 


d<t\ 


npii  5  =  H. 


Key:  (1).  with. 


Perturbation  source  is  placed  at  point  with  coordinates  r>0,  z>-h, 

moreover  the  field  of  displacement  from  it  with  -h<z<0  is  given  by  ; 

I 

I 

the  formula 

00  S-t-ioc 

"»  ^  (At)  dk.  I 

0  G-ioo  ' 

The  solution  of  problem  is  constructed  by  common  for  ones  the 
method  of  incomplete  separation  of  variables  by  method  and  is  given 
by  the  formula  > 

^  siti  I 

-  \  5  F  (A-.;)  L\  (Ac,  2,  ;)  (At)  dk. 

0  3'ix 


i 
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During  the  research  of  interference  phenomena  in  the  medium  the 
study  of  the  contour  integrals,  entering  the  solution,  is  reduced  to 
the  calculation  of  the  sum  of  deductions  at  the  singular  points  of 
function  (/„  and  to  the  integrals  of  some  special  ducts/contours. 

Page  204. 

In  the  work  is  conducted  the  study  of  the  singular  points  of 
function  r,  it  is  clarified  their  dependence  on  the  parameters  on 
the  plane  S  they  are  done  physical  conclxisions  about  the 
low-frequency  processes,  caused  by  transition  layer. 
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Solution  of  spheroidal  wave  equation  in  an  inhomogeneous  medium. 

E.  A.  Glushkovskiy,  A.  B.  Izraylit,  Ye.  Ya.  Rabinovich,  B.  M.  Levin, 
Ye.  P.  Ter-Ovanesov. 

Is  examined  the  solution  of  spheroidal  wave  equation,  in  which 
the  parameter  of  medium  C«d/2k  (d  -  interfocal  distance,  k  -  wave 
nxmtber)  is  the  fvinction  of  the  coordinates 


(5.  «i)  •  (r  —  n*)  J  • «  =  0. 


(1) 


To  this  equation  it  reduces  the  solution  of  the  problems  about 
the  axisymmetric  (3^=0^  radiation/ emission  of  the  spheroid,  sheathed 
from  the  dielectric  whose  electrical  parameters  (ii.  e)  are  the 
functions  of  coordinates. 

If  it  is  possible  to  represent  (§.  i|)  in  the  form 

n)  =c1 +C?(T,)-Cl(g)  (2) 

and  to  seek  solution  as  expansion  in  terms  of  the  angular  spheroidal 
first-order  functions  5  (C,,  n),  then  applying  to  equation  (1)  the 
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System  of  equations  (4)  is  reduced  to  the  system  of  differential 
first-order  equations 

V 

dV  ®  „ 

-jr-  =/  (4)  •  J'n  +  «P»  (5)  • +  V  ♦»,  (5)  u, 

l=‘\ 

System  of  equations  (5)  is  solved  by  the  methods,  presented  in 
the  works  of  Persidskiy  (DAN  of  the  USSR,  1948)  and  peddler 
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(candidate  dissertation,  Rostov,  1955). 

As  the  corollary  is  examined  the  solution  of  equation  (1)  for 
the  case 

where 

fj  =  const  (5,  n)- 

The  given  method  applies  to  the  solution  of  the  nonhomogeneous 
equation,  which  corresponds  to  equation  (1)  with  the  right  side,  not 
equal  to  zero. 
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RadiationflBHHBIk  of  spheroidal  radiator^^HMBBBHHHIl^,  covered 
with  the  magnetodielectric  shell;  numerical  results. 

A.  B.  Izrayllt,  T.  I.  Alekseyeva,  Ye.  F.  Ter-Ovanesov, 

The  vibrator  is  a  metallic  spheroid  (ellipsoid  of  revolution), 
excited  by  the  axisymmetric  circular  slot,  gashed  in  the  center  of 
radiator/resonator/element  (relative  to  its  length).  Shell  repeats 
the  form  of  the  radiator/resonator/element:  its  external  surface  is 
the  surface  of  the  spheroid,  confocal  with  the  metallic  spheroid.  The 
interior  of  shell,  i.e.,  space  between  two  confocal  spheroids,  is  a 
homogeneous  isotropic  medium  with  the  high  values  of  dielectric  and 
magnetic  constants. 

Problem  is  solved  by  the  method  of  eigenfunctions.  Are  computed 
input  admittances  and  radiation  patterns  of 

radiator/resonator/element  depending  on  the  parameters  strictly  of 
radiator/resonator/element  and  shell.  Calculations  are  performed  in 
electronic  computer  BESM-2M. 
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Diagrams  of  scattering  from  the  surface  of  elliptical  cylinder. 

N.  I.  Dmitriyeva,  L.  N.  Zakhar 'yev,  A.  A.  Lemanskiy,  Z.  I. 
Shteynf el 'd. 

Are  communicated  the  results  of  the  numerical ' calculation  of  the 
diagrams  of  scattering  plane  scalar  wave  from  the  metallic  surface  of 
elliptical  cylinder.  The  calculation  of  the  diagrams  of  scattering  is 
carried  out  for  dirichlet  boundary  conditions  and  Neumann  on  the 
surface  of  elliptical  cylinder.  The  diagrams  of  scattering  were 
calculated  with  the  help  of  the  known  expressions  in  the  form  of 
series/rows  according  to  the  angular  and  radial  eigenfunctions  of  the 
equation  of  Mathieu.  The  diagrams  of  scattering  are  designed  for  the 
series/row  of  the  values  of  the  parameters  of  elliptical  surface  and 
angle  of  incidence  in  the  applied  field.  The  parameters  of  elliptical 
surface  were  chosen  in  such  a  way  that  the  calculation  would  make  it 
possible  to  define,  as  transforms  itself  the  diagram  of  scattering 
with  a  change  in  the  form  of  elliptical  surface  from  the  circular 
cylinder  to  the  thin  band.  The  calculation  of  the  diagrams  of 
scattering  makes  it  possible  to  trace,  as  depends  stray  field  on  the 
radius  of  curvature  of  the  edge  of  elliptical  cylinder,  shading 
size/dimension  of  cylinder,  angle  of  the  diffraction  of  applied 
field. 
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Page  206. 

For  the  evaluation  of  the  limits  of  the  applicability  of  the 
approximation/ approach  of  the  physical  theory  of  diffraction  are 
equal  the  diagrams  of  scattering  from  the  thin  band,  calculated  by 
precise  formulas  and  in  the  approximation/approach  of  the  physical 
theory  of  diffraction. 

Is  stated  the  procedure  of  calculation  of  eigenvalues  of  the 
equation  of  Mathieu,  Fourier  coefficients  angular  eigenfunctions  of 
elliptical  cylinder,  angular  and  radial  Mathieu  functions  in 
electronic  computer. 
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Solution  with  the  help  of  the  approximations  of  the  task  of 
diffracting  the  plane  wave  on  ideally  conducting  large-diameter 
medium. 


Yu.  A.  Yerukhimovich. 

As  the  reference  system  of  formulas  are  used  field  expressions 

in  the  distant  zone,  obtained  in  the  quadratures  by  the  method  of 

vector  potential,  on  the  currents,  induced  on  the  surface  of  sphere 

by  the  incident  plane  wave.  Into  these  dependences  enter  the  values 

being  subject  to  calculation 

Pi.»  =  ] *•  A  (3  f i)  U0i . 

«  I  ‘  ) 

where  G({)  and  iF({)  -  Poch's  universal  functions,  which  have 
sufficiently  complicated  analytical  representation, 

a  =  2Jea  cos-  ;  jJ  =  Aa  sin  0; 
l  =  -M cos 0,;  .1/  =  ^ : 

a  -  a  radius  of  sphere,  6  -  the  angle  of  observation  point  in  the 
spherical  coordinates  R,  0,  5. 

Interval  (0,  x)  of  the  values  of  variable/alternating  0,  we 
divide/mark  off  into  two  intervals  0^0,  Sir/2  and  x/2^0,  ^ir. 
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In  each  of  them  it  is  possible  to  approximate  G($)  and  iP(()  by 
the  dependences  of  form  (.4  where  A,  B,  C,  D  do  not  depend 

on 


The  calculation  of  field  components  is  performed  with  an 
accuracy  down  to  the  terms  of  order  (ka)”"*. 

Using  such  approximations,  we  obtain,  that  Pi.,  are  expressed  as 
the  integrals  of  the  form 

» 

where  a  -  complex  quantity.  Re  la^O. 

It  is  shown  that 

5  =  <2«i(w,  ?)), 

ur  -h  3*  —  a  =  cij  — «• 

U,fiii,  p)  -  cylindrical  function  from  two  variable/alternating 
(Lommel's  function). 

Further  for  calculating  the  fields  should  be  produced  only  the 
operations  of  differentiation. 

Page  207. 


Using  different  asymptotic  representations  of  Lommel's 
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functions,  we  come  to  the  following  results. 

In  the  region  angle  0  <  9  ^  Orp  =  2  arccos^  field  components  are 
represented  in  the  form 

where  Ei=  (i — *  IT  ~  the  "refined"  geometric  optic/optics, 

and  consist  of  several  exponentially  decreasing  terms,  two  of 

which  are  predominant  (index  of  exponential  curve  in  all  terms  is 
proportional  to  value  M) . 

It  should  be  noted  that  in  the  case  in  question  there  are  no 
members,  obtained  during  the  solution  by  Huygens-Kirchhof f  process, 
connected  with  the  cylindrical  functions,  which  indicates  the 
inaccuracy  of  the  correction  term  to  the  geometric  optic/optics, 
given  by  Huygens-Kirchhof f 's  method  from  the  illuminated  region. 

In  the  region  of  angles  9rpiS;9=  180°  correct  result  gives 
solution  by  Huygens-Kirchhoff 's  method,  while  the  exponentially 
damped  terms  are  relatively  small. 

The  obtained  dependences  are  significantly  simpler  than  known  up 
to  now  asymptotic  expressions.  They  are  expressed  as  the  elementary 
functions  (in  the  illuminated  region)  and  through  Lommel's  tabulated 
functions  (in  the  shadow  zone). 
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The  obtained  approximations  it  is  possible  to  use  with  the 
solution  of  the  problem  of  diffraction  on  other  smooth  bodies  of  more 
complex  form. 
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Radiation  from  the  open  end  of  flat  and  axisyimnetric  horns  with  the 
chamfered  edges  (scalar  and  vector  task). 

B.  Ye.  Kinber,A.  D.  Gondr. 

In  present  report  is  stated: 

1)  the  refinement  of  the  method  of  solving  two-dimensional 
problem  about  the  horn,  which  is  smoothly  closed  with  the  waveguide, 
whence  attacks  assigned  type  primary  wave; 

2)  the  generalization  of  method  to  the  case  of  axisymmetric  of 
the  scalar  and  vector  tasks  when  the  methods  of  geometric 
optic/optics  not  at  all  can  be  used,  since  the  internal  ca\istic  curve 
or  the  centerline  of  rays/beams  can  defend  from  the  wall  of  horn  in 
the  portion  of  wavelength. 
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Excitation  of  sphere  in  the  presence  of  dielectric  layer. 

V.  N.  Volovskiy,  N.  P.  Mironcheva. 

Are  obtained  field  expressions  during  the  excitation  of  the 
conducting  sphere  with  the  concentric  layers  of  isotropic  dielectric 
by  arbitrary  sources.  Solution  is  registered  in  the  form  of 
series/rows  according  to  the  eigenfunctions.  As  an  example  are 
examined  the  cases  of  exciting  the  sphere  by  annular  slot  with  the 
zero  and  fundamental  harmonics  of  electric  field.  Are  given  nianerical 
results  for  these  tasks.  During  the  symmetrical  excitation  of  sphere 
the  slot  was  taken  final  width.  The  parameters  of  layer  e,)i,  and 
external  space  were  considered  arbitrary. 

With  the  narrow  slot  the  series/rows  descend  badly/poorly; 
therefore  was  carried  out  an  improvement  in  the  convergence. 

Page  208. 

Primary  attention  is  given  to  research  of  current  distribution 
according  to  the  surface  of  sphere,  external  conductivity  of  slot, 
and  also  field  in  the  layer  and  above  it.  Is  given  the  dependence  of 
current  distribution  on  the  thickness  of  dielectric,  losses  and 
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position  of  slot.  It  shows  that  with  the  specific  thickness  of  the 
layer  the  current  distribution  carries  the  character  of  standing 
wave.  With  an  increase  in  the  losses  the  traveling-wave  ratio  of 
current  increases,  and  amplitude  drops  with  the 
approximation/approach  to  a  pole. 

The  dependence  of  the  external  conductivity  of  slot  on  the 
frequency  with  the  sufficient  thickness  of  the  layer  greatly  calls  to 
mind  the  curves  of  input  admittance  of  thin  antennas.  Here  also 
occurs  the  phenomenon  of  resonance.  Resonance  phenomena  a'e 
especially  sharply  pronounced  in  the  case  of  narrow  slot  and  perfect 
dielectric.  For  the  layer  with  the  losses  resonance  curves  become 
duller. 

Besides  this,  is  investigated  the  case,  when  on  the  boundary 
layer  -  external  space  it  is  possible  to  assign  Leontovich  boundary 
conditions.  Is  here  given  the  dependence  of  conductivity  on  the 
dielectric  constant  of  external  space  and  thickness  of  the  layer. 
During  the  asymmetric  excitation  are  examined  the  directed  properties 
of  spherical  antenna. 

Is  examined  a  change  of  the  radiation  patterns  in  the  dependence 
on  the  position  of  slot,  thickness  of  the  layer  and  its  parameters. 
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While  conducting  of  numerical  calculations  great  difficulties 
were  met  during  the  calculation  of  spherical  Bessel  functions. 

Is  carried  out  a  comparative  evaluation  of  the  series/row  of 
methods  according  to  the  calculation  of  these  functions. 
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The  propagation  of  low-frequency  waves  in  flat  and  cylindrical 
layers,  which  are  located  in  contact  with  the  elastic  medium. 

P.  V.  Krauklis,  L.  A.  Molotkov. 

Is  examined  the  propagation  of  waves  in  plane'  layer,  which  lies 
on  the  elastic  half-space,  and  in  the  cylindrical  layer,  surrounded 
outside  by  elastic  medium.  Layers  and  their  ambient  media  are  assumed 
to  be  uniform  ones  and  ideally  elastic  ones.  On  the  interfaces  are 
satisfied  the  conditions  of  the  rigid  or  sliding  contact. 

The  solution  of  the  equations  of  Lame  is  constructed  by  the 
method  of  incomplete  separation  of  variables  and  is  represented  in 
the  form  of  the  integrals  of  Fourier  and  Mellin.  Research  of  the 
obtained  solutions  consists  of  the  isolation/liberation  from  entire 
field  of  the  displacement  of  "normal  waves”  and  of  the  explanation  of 
their  properties.  In  contrast  to  the  normal  waves,  usually 
examined/considered  in  the  literature  (for  example.  Love's  waves), 
the  chosen  waves  can  have  further  fading  as  a  result  of  the 
radiation/emission  of  energy  from  the  layer. 

This  task  is  reduced  to  the  determination  of  the  special 
features/peculiarities  of  the  integrands  of  Mellin's  internal 
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integrals.  For  this  purpose  are  investigated  the  roots  of  dispersion 
equations.  On  the  basis  of  these  research  it  is  possible  to  isolate 
"normal  waves"  and  to  indicate  the  dependence  of  their  phase  speeds 
and  attenuation  factors  on  the  frequency. 

Primary  attention  in  the  work  is  paid  to  the  study  of  the 
processes  of  propagation  in  the  range  of  frequencies  v,  determined 
by  the  inequality 

0<v<^.  (i) 

in  which  v,  -  speed  of  transverse  waves  in  the  layer,  and  h  - 
thickness  of  the  layer.  Special  interest  in  the  low-frequency  waves 
is  connected,  mainly,  with  the  fact  that  in  the  seismic  experiments 
basic  part  of  the  spectrum  is  placed  in  interval  (1).  Furthermore,  in 
this  frequency  region  the  wave  picture  in  a  decisive  manner  depends 
on  contact  conditions. 

Page  209. 

Essential  is  also  the  fact  that  in  interval  (1)  the  wave  picture 
proves  to  be  simplest  and  a  number  of  normal  waves  is  small. 

Let  us  pause  at  the  characteristic  of  the  low-frequency  waves, 
observed  in  the  layers  and  their  ambient  media.  In  the  medium  with 
the  flat/plane  of  decked  boats  is  propagated  Rayleigh  wave.  The  phase 
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speed  of  this  wave  is  equal  to  wave  velocity  of  Rayleigh  which  is 
observed  in  the  elastic  half-space,  if  we  exclude  from  the  system 
layer.  In  the  cylindrical  layer  to  Rayleigh  wave  is  analogous  the 
group  of  the  normal  waves  which  are  obf:erved  in  the  elastic  medivmi 
with  the  cylindrical  groove. 

If  we  are  bounded  to  the  examination  of  solid  contact,  then  the 
waves  indicated  under  condition  (1)  will  prove  to  be  only.  However, 
in  the  case  of  sliding  contacts,  besides  these  waves,  in  the  media  in 
question  is  observed  one  additional  wave,  v,  of  the  propagation 
velocity  of  the  latter  along  the  layer  when  v  =  0  is  determined  by 
the  equality 


in  which  u  -  permanent  Lames,  and  p  -  density. 

With  an  increase  in  the  frequency  phase  speed  monotonically 
decreases,  in  this  case  the  dispersion  in  the  case  of  cylindrical 
layer  proves  to  be  more  noticeable  than  for  plane  layer. 

The  wave  in  question  proves  to  be  surface  or  volumetric 
depending  on  the  relationship/ ratio  between  value  v,  and  transversing 
speed  K  of  the  environment.  When  does  not  occur  the 

leak/Ieakage  of  energy  from  the  layer  and  the  wave,  for  example  in 
plane  layer,  attenuates  with  a  distance  of  r  along  the  layer  as  r'*^. 
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But  if  is  satisfied  condition  I'l  < »«,  then  the  wave  in  question 
tests/experiences  exponential  decay,  connected  with  the 
radiation/emission  of  energy  into  the  medium  ambient  layer.  Wave 
forming  in  this  case  in  the  medium  is  propagated  at  a  rate  of  v,  and 
therefore  it  can  be  named  low-frequency  leading  wave.  The  latter  also 
tests/experiences  exponential  decay  which  in  the  case  of  high 
frequencies  proves  to  be  more  intense.  Therefore  out  of  gap/interval 
(1)  head  indicated  barely  is  observed.  When  is  observed  the 

high-frequency  leading  wave  which  proves  to  be  another  nature. 

The  conducted  investigations  makes  it  possible  to  explain 
seismic  experiments  on  the  humid  species/rocks  and  to  indicate  the 
character  of  the  contact  between  the  media.  Furthermore,  the  results 
of  research  of  the  propagation  of  waves  in  the  cylindrical  layer 
explain  wave  development  with  seismic  logging. 


DOC  »  82036014 


PAGE  ^39 


Lamb's  problem  for  the  elastic  heterogeneous  half-space. 

A.  G.  Alenitsyn. 

1.  Is  examined  task  about  determination  of  field  of  displacement 

U(x,  y,  z,  t)^  (ifx,  t’v,  U^),  satisfying  with  z>0  equa-tions  of  elasticity 

Z,U  =  (H-  (i)  V  (V,  U)  +  (iVU  +  (VU)  -f  (Vfi,  VU)  + 

+  (Vfi,  V)  u  -  pu„  =  0,  {1> 

to  initial  conditions 

UU,  =  u,i,-.-,  =  o.  (2; 

and  to  boundary  conditions  with  z“0: 

*tx  =  tzit  ~  0,  tzt  =  e  (<)  4  (■*)•  (3) 

Page  210. 

It  is  assxjmed  that  Lame's  coefficients  X  and  u  and  density  p  -  the 
arbitrary  smooth  functions  of  coordinate  z,  and  that  task  is 
flat/plane,  i.e. ,  G  =  U  (*,  z,  t)  =  (“x.  «.  “j)- 


2.  Exact  solution  of  task  (l)-(3)  takes  form 

U  (X.  0  =  i  G,  *.  ,)  cos  kx)  ^ 

where  (G^^G,)  =  G  (z,  k,  s),  Af  *  duct/contour  of  Mellin,  G  satisfies  system 
of  ordinary  differential  equations  of  form 


G*  +  AvJG'  f  **fiG  +  ACG  +  IKl'  =  0 


(5) 
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Boundary  conditions  are  satisfied,  if  G  is  the  following 
combination  of  two  linearly  independent  solutions  G'”*  and  G“' 
system  (5): 

G  =  (-D.G""  +f)pG"’)  V  =  X  +  2|i. 

where 

Dp  (k,  s)  =  (^GiP'  -  A  -EpD.. 

Ep(Ac.*)=(^G‘r  +  A:iG!f')L 

expressions  for  D.  and  E,  are  analogous.  (Solutions  g***  and  g*** 
they  are  chosen  so  that  would  be  satisfied  the  initial  conditions 
(2).). 


3.  Using  asymptotic  behavior  G  with  it  is  possible  to 

investigate  wave  field  in  vicinity  of  fronts  of  different  waves. 
Asymptotic  behavior  G  it  is  simplest  to  obtain,  after  registering  (5) 
in  the  form  of  the  system 

Z'  =.  kHZ  +  JfcZ  (6) 

of  four  equations  for  vector  Z-{Gp,G„  In  region  Re 

s^,^.  Re  k*^-*-*  is  applicable  the  classical  asymptotic  behavior  of 
Tamarkin.  But  in  the  regions,  which  contain  the  turning  points, 
determined  in  this  case  from  the  equations  «*  =  0  or  m*  =«  0,  where 

“  1  +  -  1  +  «jj»,  n*  =  -L,  nj  »  it  is  necessary  to  use  the  more 

conqplicated  formulas  whose  part  is  obtained  in  the  work  for  the  first 
time  (uniform  asymptotic  behavior  in  the  vicinity  of  the  turning 
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points  of  the  systems  of  form  (6)). 

4.  Use/application  of  classical  asymptotic  behavior  and  steepest 
descent  method  gives  formulas  known  from  ray  method  for  special 
features/peculiarities  of  field  at  usual  fronts  of  longitudinal  and 
transverse  waves,  and  also  at  front  of  Rayleigh  wave. 

5.  If  or  n.  grow,  in  half-space  there  are  geometrical 
shadows.  The  use/application  of  an  asymptotic  behavior  in  the 
vicinity  of  the  turning  point  and  method  of  the  nonanalytic  part  of 
the  field  leads  to  the  formulas  for  the  dominant  term  of  the  special 
feature/peculiarity  of  wave  field  at  the  appropriate  front  of  slide, 
completely  analogous  such  formulas  in  the  case  of  Lamb's  task  for  the 
wave  equation. 

6.  If  fh  grows,  leading  wave  is  excited  by  shadow  longitudinal 
wave  and  has  shadow  character.  The  special  feature/peculiarity, 
common  for  a  leading  wave,  is  substituted  in  this  case  to  the  special 
feature/peculiarity  of  the  type  of  the  front  of  the  slide:  occurs  the 
continuity  of  field  with  all  derivatives. 
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Page  211. 

Diffraction  of  flexural  wave  on  the  circular  obstruction  in  the 
plate. 


Yu.  K.  Konenkov. 


Is  examined  plane  flexural  wave  u«  =  «***•*«•  falling  to  the 
obstruction,  in  the  plate  which  has  the  form  of  the  circle  of  radius 
R.  Stray  field  is  sought  in  the  form  of  the  series/row 

Ur  =»  ^  lOnffn  (*»*)  + 

Coefficients  om  and  ^  are  found  from  boundary  conditions.  Let  the 
boundary  conditions  be  formulated  in  the  following  form:  some  linear 
differential  operators  L.,  and  that  function  on  the  sum  of  the 
incident  and  reflected  field,  they  become  zero  on  the  duct/contour 
along  the  boundary  with  the  obstruction.  Let  us  introduce  the 
designations: 

(kr)  {kr)  e*"*,  =  L  (kr,  ff), 

Mr^n  {kr)  e^=.Mn  {kr)  «*"•,  -  M  (kr,  9). 

Then  boundary  conditions  lead  to  the  series/rows: 


10,4.  {kH)  +  lU,  (ikH)]  («?,  if). 

ce 

[a,M,  (kR)  +  p,Mn  (iW?)!  e*-  =  -  Af  {kR,  9) 


a  -  Poisson  ratio 
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Dispersive  properties  of  Love's  waves  in  an  elastic  heterogeneous 
sphere. 

Z.  A.  Yanson. 

Is  conducted  research  of  Love's  waves  (interfering  waves), 
generated  by  rotary  type  source  in  the  elastic  uniform  spherical 
layer  R.^r^R^,  which  covers  heterogeneous  elastic  sphere  O^r^R,.  Wave 
velocity  SH  in  the  sphere  exceeds  the  appropriate  speed  in  the  layer 
and  monotonically  it  grows  with  decrease  of  r.  The  media  in  question 
are  characterized  by  densities  Pi,  p,(r)  and  by  elastic  constants, 
respectively  equal  to  ux  and  X,(r), 

Task  is  reduced  to  the  solution  of  the  equations  of  Lame  under 
zero  initial  data  and  boundary  conditions,  which  escape/ ensue  from 
the  assigned  surface  stress  of  r^R^  (source  is  arranged/ located  in 
the  pole  of  environment)  and  conditions  of  solid  contact  on  the 
interface  of  two  media.  The  solution  of  problem  is  constructed  by  the 
method  of  the  incomplete  separation  of  variables,  and  for  the  wave 
field  in  the  layer  we  obtain  representation  in  the  form  of  series/row 
according  to  the  associated  functions  of  Legendre  P''’i(cos  6), 
coefficients  of  which  take  the  form  of  Mellin's  contour  integrals. 

The  latter  are  computed  from  the  deductions  in  zero  of  characteristic 
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(dispersion)  equation  of  task.  Then  sum  from  the  parameter  by 
Watson's  method  is  converted  into  the  contour  integral,  and  after  the 
series/rov  of  conversions  for  the  wave  field  ve  obtain  expression  in 
the  form  of  the  infinite  sum  of  Love's  harmonics  v^: 

Each  such  harmonic  is  treated  as  interfering  wave  of  the  k 
order,  completed  t  of  revolutions  on  the  layer. 

Page  213. 

Research  of  Love's  waves  is  conducted  at  the  high  frequencies  with 
the  help  of  the  asymptotic  behavior  of  cylindrical  functions,  and 
also  by  means  of  the  use  of  an  asymptotic  behavior  of  the  solution  of 
the  differential  equation,  generated  by  the  radial  part  of  the 
equation  of  Lame  with  change  r  in  the  interval  (0,  R,). 

Dispersion  equation  at  different  frequencies  is  approximated  by 
the  transcendental  equations  of  different  form. 

Is  conducted  the  qualitative  and  quantitative  study  of 
dispersive  curves  and  their  comparison  with  the  appropriate  curves 
for:  1)  the  case  of  uniform  sphere  even  2)  plane  layer,  which  lies  on 
the  uniform  half-space. 
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Results  of  the  calculations  of  the  fields  of  the  once  reflected  waves 
near  the  initial  point.  ' 

N.  S.  Smirnova. 

Research  of  recent  years,  calculations  dedicated  to  questions  of 
the  fields  of  waves,  observed  in  the  region  exit  points  of  leading 
wave,  made  it  possible  to  a  certain  degree  to  explain,  were  such  the 
special  features/peculiarities  of  wave  fields  in  this  region. 

Were  proposed  the  new  methods  of  the  calculations  which  made  it 
possible  to  obtain  the  head  values  of  fields  near  exit  point  of 
leading  wave  to  the  surface,  were  carried  out  the  proofs  of  the 
methods  indicated,  and  are  also  worked  out  diagrams  and  methods  of 
calculations  in  the  high  speed  machines. 

The  use/application  of  the  calculation  procedures  indicated  made 
it  possible  to  explain  the  basic  character  of  the  behavior  of  the 
fields  of  the  waves  reflected  in  the  special  region  depending  on 
elastic  constant  media  and  on  the  form  of  the  function  of  effect. 

Calculation  was  produced  based  on  the  example  of  once  reflected 
waves  PP,  which  extend  in  uniform-isotropic  elastic  medium  which  was 
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characterized  by  the  parameters 


H  -j- ,  rae  i;2,  wi.  p#  h  Pi  — 


Key;  (1).  and.  (2).  where. 

with  respect  to  the  speed  of  transverse  and  longitudinal  waves  and 
density,  h  -  thickness  of  the  layer,  and  X  =  v^-T,  where  2T  -  time  of 
action  of  source. 

Was  calculated  the  vertical  component  of  the  wave  PP  reflected 
to  exit  point  r,  and  s\jm  wave  (reflected  PP  and  head  PPP)  after  exit 
point  r,. 

As  a  result  of  calculations  were  obtained  the  theoretical 
seismograms  of  the  waves  reflected  near  the  maximum  ray/beam,  which 
differed  from  the  theoretical  seismograms,  calculated  according  to 
the  old  calculation  methods.  On  the  basis  of  these  seismograms  were 
constructed  the  graphs  of  a  change  in  the  reflection  amplitude  near 
the  initial  point  in  the  dependence  on  a  change  in  the  parameters  5 
and  2hA. 

It  turned  out  that  its  maximum  values  the  reflection  amplitude 
takes  not  at  exit  point  r,,  but  at  certain  point  rv> 
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with  an  increase  in  the  parameter  2h/T  maximums  are  displaced  to 
the  side  of  smaller  values  of  r,  their  value  increase  and  they  become 
sharper.  With  the  decrease  of  this  parameter  maximum  is  displaced  to 
the  side  of  high  values  and  becomes  more  slanting. 
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Page  214. 

Diffraction  of  plane  hydroacoustic  wave  on  a  system  of  cracks  in  an 
elastic  plate. 

D .  P .  Kouzov . 

Are  examined  diffraction  phenomena  in  the  following  model:  ideal 
compressible  liquid,  which  fills  half-space,  is  covered  from  above 
with  elastic  plate;  in  the  plate  there  are  two  infinitely  thin 
cracks,  situated  on  the  parallel  lines.  The  falling/incident 
disturbance/perturbation  is  assigned  in  the  form  of  the  plane  simple 
harmonic  wave,  which  moves  from  to  the  depth  of  liquid  in  the 
direction,  orthogonal  to  the  direction  of  cracks  (two-dimensional 
task).  It  is  clarified,  that  the  diffraction  in  the  system  in 
question  is  accompanied  by  the  considerable  resonance  phenomena 
(depending  on  the  distance  between  the  cracks,  the  angle  of  incidence 
and  frequency). 


The  mathematical  formulation  of  the  problem  consists  of  the 
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following. 


Is  sought  the  solution  of  the  equation  of  Helmholtz 

Aw  —  A*m  =  0 

in  the  lower  half-plane  (-<»<x<+«»,  0<y<+») ,  continuous  up  to  axis  Ox. 
On  axis  Ox  is  assumed  to  be  that  carried  out  the  bbundary  condition 

-  S  1^:6'-“  (*-.)  +  6"-“  (»  +  .)l. 

a— 1 

In  this  case  constants  are  such,  that  occur  boundary-contact 
relationships/ratios 


lim 


yx  (».  0) 

d»*dy 


0; 


lim 


0. 


Difference  of  u-u,  (where  u,>exp  [-ik(x  cos  (p.+y  sin  e*)]  is 
considered  satisfying  the  principle  of  maximijm  absorption.  Here  6,, 
V,—  some  fxinctions  of  the  mechanical  characteristics  of  plate  and 
liquid;  6(x)  -  delta-function;  2a  -  distance  between  the  cracks.  All 
lengths  in  the  task  are  considered  dimensionless;  dimensionlessness 
is  introduced  by  division  into  the  thickness  of  plate. 


Is  constructed  a  precise  mathematical  solution  of  stated 
problem.  Is  conducted  asymptotic  research  of  solution  with  k«l  and 
F»l,  where  -  length  of  flexural  wave  in  the  plate). 
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Prom  the  solution  are  selected  ground  vaves  b±  (u+  .  it  moves  in 
the  direction  of  the  increase  of  coordinate  x,  u_  -  to  the  reverse 
side)  and  cylindrical  wave  u.. 


Let  us  designate  the  relation  of  two  corresponding  components  of 
wave  field  for  the  taken  apart  task  and  tasks  with' one  crack  by 
letter  R  with  corresponding  index 


Ra,  =* 


(superscript  “  it  marks  the  elements/cells  of  wave  field  for  the  case 
of  one  crack)  let  us  name  this  relation  the  "function  of  effect". 


Page  215. 


The  function  of  effect  for  the  straight/direct  ground  wave  takes  the 
following  form: 


K 


UP  *  *"ir 


cos  {ka  cos  q>o)  — 


» 

'13- 


■  ( sin  (ka  cos  (po) 


Let  \is  consider  for  the  certainty  the  case  when  phase 
displacement  for  the  incident  wave  between  the  left  and  right  cracks 
is  absent  or  is  multiple  2r  (ka  cos  s«0,  +-1,  +-2.....).  Then 
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„  -i  +  i) 


COS 


10 


and  when  ■^=n  — occurs  the  complete  growing  of  straight/direct 


ground  wave.  When  straight/direct  ground  wave  grows  in  the 

amplitude  approximately  7  times. 


For  cylindrical  wave  the  function  of  effect  depends  on  viewing 
angle  tp: 


Rtf  —  2i 


tm  ^ 


-‘15- 


n 

10 


cos  (ka  cos  f o)  cos  (Aa  cos  «p)  — 


cos-rg-  — «  «  *• 

— - -  gin  cos  9o)  (*<*  cos  <p)  . 

«‘''co8-|g-+ »  ** 

Therefore  here  occurs  not  only  resonant  amplification  or 
weakening  of  wave  process  as  a  whole,  but  also  a  change  in  the 
character  of  radiation  pattern.  In  particular,  can  occur 
splitting/fission  two  basic  of  the  lobes/lugs  of  diagram  into  certain 
number  of  of  narrower.  It  should  also  be  noted  that  not  at  what 
values  of  parameters  k,  a,  <p,  the  cylindrical 
disturbance/perturbation  vanishes  completely. 
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Spatial  problem  about  the  action  of  unsteady  pressure  wave  on  the 
plate  of  arbitrary  planform,  which  moves  in  the  flow  of  gas. 

L.  A.  Galina,  V.  A.  Kovaleva. 

In  the  report  is  examined  the  task  about  the  Action  of  acoustic 
pressure  wave  on  the  plate  of  arbitrary  planform  which  moves  with 
supersonic  speed.  In  this  case  are  investigated  the  diffraction 
processes,  which  occur  under  a  similar  influence  of  the  wave  whose 
profile/airfoil  is  assumed  to  be  arbitrary.  Furthermore  is 
investigated  the  case  of  acoustic  effect  of  the  type  of  the  noise, 
when  pressure  profile  in  the  incident  wave  is  random  function. 

Is  obtained  effective  solution  in  the  quadratures  for  the  plate 
of  rectangular  planform.  Is  somewhat  more  complex  the  case  of  plate, 
which  in  the  plan/layout  is  triangle.  In  the  general  case  the  task  is 
reduced  to  the  solution  of  some  integral  equations. 
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Page  216. 

Some  problems  of  short  waves  theory. 

G.  P.  Shindyapin. 

1.  Questions  about  regular  and  irregular  reflection  of  weak 
shock  waves  from  rigid  wall  and  interpenetration  of  weak  shock  waves 
belong  to  type  of  tasks  which  cannot  be  investigated  with  the  help  of 
only  acoustic  theory  and  is  caused  need  for  account  of  effect  of 
basic  flow  parameters  from  value  of  overpressure.  The 
general/common/total  principles  of  short  waves  theory,  which 
considers  in  the  first  approximation,  this  dependence,  were  developed 
by  0.  S.  Ryzhov  and  S.  A.  Khristianovich. 

Equations  of  the  dynamics  of  the  compressible  gas  for  the  case 
of  plane-parallel  flows  give  in  this  case  the  system  of  the  short 
waves : 

S'— ^-0.  (1.1) 

where  t.is  dimensionless  functions  u,  v,  6.  v  are  connected  with  the 
pr.t;>ctions  of  speed  on  radius-vector  u  and  perpendicular  to  it  v  and 
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with  the  components  of  the  cylindrical  system  r,  «  by  the  equalities 

u  =  s  a«iV/, 

V  =  a«A/o  Ma  v, 

r  =  Oof  (l  + 

d  (1.2) 

The  differential  equation  of  shock  wave  front,  being  propagated  for 
the  gas  with  overpressure  pj  and  particle  speed  of  q^,  takes  the  form 

-|--±/2[»(l  +^T^)+-g-]-(l> +  >>.).  (U) 

Moreover  at  the  shock  wave  front  Hugoniots's  condition  for  normal 
component  of  speed  is  satisfied  automatically  in  view  of  equality 
M»p/np,  in  entire  flow.  The  condition  of 

retaining/preserving/maintaining  the  tangential  component  to  front 
leads  to  the  equality  of  the  type 

where  'i>—  angle  between  the  direction  of  radius-vector  and  the 
normal  to  the  wave  front,  a  -  angle  between  the  direction  of  particle 
speed  before  the  wave  front  and  the  axis 

Page  217. 

2.  Regular  reflection  of  weak  shock  waves  from  rigid  wall,  as  is 
known,  takes  place  when  front  of  plane  shock  wave  OK  with 
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overpressure  extends  along  rigid  wall  with  small  fracture  a,  which 
coincides  with  angle  of  incidence  and  satisfies  condition 
a>a' =  The  front  of  the  wave  reflected  consists  of  the 

segment  of  line  OB,  which  composes  with  the  perpendicular  to  the  wall 
angle  of  reflection  /3,  with  overpressure  p.  and  the  small  arc  BC, 
where  occurs  an  intense  pressure  drop  from  p,  to  p'l .  So  that  between 
the  wave  reflected  and  the  wall  we  have  a  zone  ABCD  of  the  short  wave 
for  which  boundary  conditions  (1.4)  at  the  front  of  the  wave  BC 
((i  —  n,)  V2A  — (ji  — (lO  —  V  =  jii  (a.  +  y), 

«o  =  Mo  ) 

reflected  at  the  front  of  the  maximum  wave  of  lowering  pressure  AB 

|iy  — v-0,  (2.2) 

on  the  wall  DA 

V  *  0,  (2.3) 

with  the  approach  on  BC  to  the  point  C  let  us  require  so  that  the 
front  reflected  would  pass  into  the  sonic  circle/circumference,  i.e. 

with  ft  ==!»,.  (2.4) 

Taking  as  M,  value  of  M  at  point  0  and  using  flow  conditions  in  the 
zone  of  short  wave,  we  find  representation  /3,  M,  and  the  coordinates 
of  points  B(fta.  yB)._  0(ft, ,  0)  through  a,  Mj. 

The  solution  of  the  system  of  short  waves,  which  makes  it 
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possible  to  satisfy  all  these  conditions,  we  find  in  the  form 

l»=.«a+ «(a  —  l)y*  +  a^, 

+  1) 

- - 5 - - 

where  Si  and  a  are  determined  accordingly  conditions  at  points  B  and 
C. 


_  12«  (fl  _  1)  &  +  (2a  +  1 )  a,ry.  (2.5) 


The  equation  of  the  front  of  wave  (1.3)  reflected  in  this  case 
succeeds  in  integrating  and  obtaining  for  the  coordinates  of  front 
the  locked  analytical  expressions.  Solution,  thus,  makes  it  possible 
to  trace  a  change  in  the  picture  of  reflection  with  a  change  of  the 
initial  data  in  the  range  of  regular  reflection. 

3.  Irregular  reflection  of  shock  waves  from  rigid  wall  when 
angle  of  incidence  a<a*,  is  characterized  by  presence  of  three-shock 
cr>'f iguration,  which  consists  of  falling/incident  front  AK  with 
overpressure  p,,  wave  Maxa  OA,  along  which  overpressure  falls  from  p, 
in  basis/base  of  wave  in  wall  to  p,  at  point  A,  and  front  of  wave  AB 
reflected,  where  overpressure  falls  from  p,  to  Pi,  at  certain  point 
B.  I.e.,  in  the  region  OABD  behind  the  front  of  the  wave  of  Mach 
between  the  front  reflected  and  the  wall  we  will  have  a  zone  of  the 
short  wave,  boundary  of  condition  for  which  (1.4)  on  AK: 
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M  =  Ptjnpn, 

Pi  +  Vi  =  0, 

AB: 

(3.1) 

Af  =  p/npt,  (Aif®  —  v  =  Hj  (a,  +  y  ~  t|»®), 

0,1; 

(3.2) 

M  =  p/np^,  |iS)“  —  V  =  0,  i|)“  =  1(1  /  i»/o  . 

(3.3) 

Page  218. 

On  wall  DO  we  have 

V  =  0.  (3.4) 

and  with  the  approach  on  AB  to  point  B 

a:  |lj  with  &  =  fij.  (3.5) 

Taking  as  M,  value  of  M  in  the  basis/base  of  Mach's  wave  (wave 
approaches  the  wall  at  the  right  angle),  we  will  obtain  from  (1.3) 
the  coordinate  of  point  0(  1/2,  0)  and  for  the  flow  near  triple  point 
(Aa.  Xa)  condition  system  according  to  (3.1),  (3.2),  (3.3)  and  (1.3). 
Supplementing  to  these  conditions  the  geometric  condition  AG-OG, 
where  point  G  -  point  of  intersection  of  perpendicular  at  point  A  to 
front  AK  with  the  wall,  we  determine  the  coordinates  of  point 
-<4  (Aa,  x«).  value  a,,  and  Ut  through  Hi  and  we  can  trace  a  change  in 
the  maximum  relative  overpressure  in  wall  p./pi  in  entire  range  of 
irregular  reflection. 
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The  solution  of  the  system  of  short  waves,  which  makes  it 
possible  to  satisfy  boundary  conditions  in  the  region  OABD,  takes  the 
form 

(1  -?)!/*  +  a  (9  -  */,)■*'•[?*  +  (&  -  1)  9  + 

b  ^  qy' -  a  (q-  V*)"*'*  [q  -  +  d,  (3.6) 

V  =  -a{q-  */,)-*'*[?*  +  (1  -  2fc)  9*-  (1  -  2&)  ? 

Writing/recording  for  it  conditions  at  points  A  and  0,  we  will 
obtain  the  system  of  five  equations  for  determining  the  parameters  a, 
b,  d,  qx,  q, ,  which  by  reducing  to  one  equation  relatively  q^  makes 
it  possible  to  numerically  calculate  dependence  qi  and,  consequently, 
also  the  remaining  parameters  on  the  initial  data  M^,  a  in  entire 
range  of  irregular  reflection. 

4.  Task  about  interpenetration  of  weak  shock  waves  in  the  case 
of  regular  interaction  leads  to  picture,  which  consists  of 
falling/ incident  fronts  ORx,  OK,  with  overpressures  Pi,  p,  which 
intersect  at  small  angle  a  (angle  between  normals  to  fronts  at  point 
of  intersection)  and  fronts  OB,,  OB,  reflected,  where  overpressure 
falls  from  value  of  p,  at  point  O  to  p,,  p,  at  points  B,,  B, 
respectively.  For  zone  0B,B,  of  short  wave  boundary  conditions  (1.4) 
on  OB , : 

+  (*•  — e»),  (4.1) 

OB,:  (|i  —  m)  't* — V  =  n8«,  (4.2) 

where  9  -  component  of  the  coordinate  system  with  the  axis  9-0  of  the 
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perpendicular  OK,.  At  points  B,,  B,  we  have  conditions  of  the  type 

with 

Satisfaction  of  conditions  (4.1),  (4.2)  near  the  point  of  interaction 
0  leads  to  the  determination  of  the  parameters  a,,‘  a,,  p,,  v«,  M, 

and  the  law  of  the  motion  of  point  itself.  The  research  by  that 
obtained  in  this  case  for  dependence  for  M.  on  the  initial  data  M,, 
M,,  a  permits  to  derive  critical  relationship/ratio  for  these  data 
characteristic  regular  interaction.  At  the  same  time  in  the  case  of 
the  waves  of  equal  intensity  all  obtained  relationships/ratios  pass 
in  the  relationships/ratios  of  the  task  of  regular  reflection. 

Page  219. 

The  solutions  of  the  equations  of  short  waves,  which  make  it 
possible  to  satisfy  conditions  at  points  0,  B,,  B,,  are  solutions  of 
type  (3.7).  Satisfaction  of  these  conditions  leads  to  the  system  nine 
equations  relative  to  a,  b,  d,  q,,  q,,  q,,  y,,  y,,  y.  whose  reducing 
to  two  equations  relative  to  q,,  y,  makes  it  p>ossible  to  numerically 
solve  the  task  for  any  initial  data,  which  lie  in  the  range  of 
regular  interaction. 
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Theory  of  the  reflection  of  wind  waves  from  the  vertical  wall. 

Yu.  M.  Krylov. 

Is  placed  and  is  solved  the  problem  about  finding  of  the  field 
of  the  statistical  characteristics  of  wind  waves  with  their 
reflection  from  the  vertical  wall.  Task  is  examined  within  the 
framework  of  the  linear  spectral  wind  wave  theory. 

The  agitated  surface  of  sea  before  the  wall  is  recorded  in  the 
form  of  the  sum  of  a  large  quantity  of  elementary  incoming  and 
reflected  waves  with  different  amplitudes,  frequencies,  directions  of 
propagation  and  random  phases.  The  increase  of  the  surface  of  sea, 
obliged  to  the  addition  of  incoming  and  reflected  waves,  is 
written/recorded  in  this  form 

zij  =  o  (j»,,  9;)  y  AfiAB  {sin  l|*,<  +  ejj  +  (*  cos  0<  +  y  sin  %)  + 

+  sin  fti,/  +  Stf  —  Ai  (*  cos  6^  +  y  sin  Bj)]}, 

where  1*4  —  frequency  of  elementary  wave.  At  —  wave  number,  Oj  —  the 
striking  angle,  x,  y  -  the  coordinate  of  point  on  the  surface  of  sea, 
t  -  time.  Am,  Ad  -  increase  in  freciency  and  direction  of 
propagation.  Phase  of  each  elementary  wave  is  assigned  the  random 
variable,  evenly  distributed  in  the  range  from  0  to  2f.  Quantity 
o>)  is  considered  as  the  integrated  function  m,  and  6$.  Is 
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introduced  the  function 

called  the  energy  spectr\jin  of  incident  waves.  The  agitated  surface  of 
sea  before  the  wall  is  constructed  in  the  form  of  sum  z=:^zij.  In 
view  of  the  chance  of  phases-  eij  ivalue  z  is  the  random  function  of 
coordinates  and  time. 


Is  obtained  the  following  general/common/total  expression  for 
the  root-mean-square  divergence  a(  x)  the  increase  of  floating 
surface  from  the  rest  position  at  a  distance  of  x  from  the  wall: 


3* 


2*1 


m  ••  — 

J  J  (|*i  ®)  cos  (2**  cos  d)  t 

>1  _ 

m  *1  — 


Here  o,  -  corresponding  root -mean-square  divergence  in  the  absence  of 
wall;  (mi,  Ml)  and  (0i,  dj)  -  the  ranges  of  frequencies  and 
directions  where  spectrum  eini,  9)  is  different  from  zero. 


is  carried  out  the  calculation  of  the  field  of  the  mean  square 
deviations  of  increase  for  the  case  of  a  deep  water,  on  the  basis  of 
the  concrete/specific/actual  form  of  spectral  function  ei.it,  9),  found 
by  the  author. 


Page  220 
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Is  obtained  the  following  formula  for  the  calculation  a(x): 


^  _  oT  fi  ,  I  s 

=0  ['■*'  i’(0)  J  = 

S  (2nx/l^)  =  /»(“»)  1^27,  (4rtxm*/li) - j  rfw, 

/,  (<o)  =  w-’  exp  j^—  . 


r.  -  average  observed  period  of  the  wind  waves  incoming  to  the  wall; 
I,,  Ii  -  Bessel  function  of  zero  and  first  order  respectively. 


As  a  result  of  the  carried  out  research  it  is  discovered,  that 
the  field  of  wave  heights,  which  appears  about  the  vertical  wall  with 
the  reflection  from  it  of  wind  waves,  qualitatively  and 
quantitatively  differs  from  eapropriate  interference  pattern,  created 
by  simple  harmonic  wave. 
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Waves  on  the  surface  of  viscous  fluid. 

L.  V.  Cherkesov,  V.  V.  Pastushenko. 

Is  examined  the  following  spatial  problem.  To  the  floating 
surface  of  the  viscous  incompressible  fluid  of  infinite  depth  is 
applied  the  periodic  moving  system  of  the  pressures  of  form  p«p,a(y) 
exp  [i(kx-ut)l.  It  is  necessary  to  find  the  form  of  waves  forming  in 
this  case. 

Accepting  as  the  reference  system  equations  the  linearized 
Mavier-Stokes  equations,  the  velocity  components  and  pressure  let  us 
represent  in  the  form 

“  —  9,  — V  "  =  +  /,,»  ==  -  9,  -  “  P  (q>,  —  y») 

if  e,  9,  /  f  satisfies  the  equations 

-  0, 9,  =.  vA9,  /,  -  vA/  (1) 

The  boundary  conditions,  which  characterize  wave  motion,  will  be 
registered  as  the  projections  of  the  stresses/voltages,  which 
function  on  the  surface  of  liquid.  Expressing  them  through  the 
functions  9,  9,  /  f  ve  will  obtain  with  z-0 

fu  +  i  (9,  +  +  2v  (/^  +  9„,)  -  —  «*P  l«(fcr— 

29«i  +  +^  +  /^-0,29^-9«-/„  +  /w=0-  (2) 

In  this  case  the  type  of  floating  surface  is  determined  by  the 
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formula 

c  » 1  (q,,  +  2v  (q,„  +  ^  a  (y)  e*P  U  (**  “  “0]- 

Page  221. 

As  a  result  the  task  is  led  to  the  determination  of  functions  0,  , 

f,  which  satisfy  equations  (1)  and  boundary  conditions  (2). 
Furthermore,  it  is  here  necessary  to  supplement  condition  at  infinity 
0,  If,  f-*0  with  Solving  this  problem,  we  find  expression  for 

the  increase  of  the  liquid: 

■  do 

/=(  e^dm, 

J  A(m) 

where  a««'g“*,  di(m),  A(m)  -  some  functions  m.  The  obtained  exact 
solution  of  task  is  investigated  for  function  a(y)  of  form 

with  the  help  of  the  introduction  of  low  parameter 

iO,  I  »  I  >  6 

8  =  As  a  result,  with  an  accuracy  to  e  to  the  first  degree 

inclusively  and  for  the  high  values  of  ky,  is  obtained  this 
asymptotic  representation  for  $: 

i  =*  [A  3ia  (kx  +  yya*  —  ^  —  mt)  +  eB  COB  {kx  +  y  Ko*  —  A*  —  wt))  + 

+  O  («-**).  (3) 

Formula  (3)  in  detail  is  analyzed.  If  we  in  (3)  complete  passage  to 
the  limit  when  8-»'0,  the  obtained  expression  within  the  limit 
coincides  with  the  appropriate  expression  for  the  ideal  fluid. 
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Is  solved  analogous  problem  for  the  liquid  of  final  depth.  Is 
obtained  integral  representation  for  the  increase  of  floating 
surface.  Due  to  the  complexity  of  expressions  could  not  carry  out 
analysis  as  was  done  above.  This  can  be  done,  if  to  excunine  long 
waves.  The  equations  of  long  waves  for  the  viscous'  fluid  can  be 
obtained  from  the  system  of  equations  of  Navier-Stokes  as  the 
approximation/ approach  of  the  lowest  order  in  the  process  of  the 
construction  of  disturbances/perturbations.  This  process  consists  of 
the  formal  expansion  of  all  values  in  terms  of  degrees  of  the  ratio 
of  the  depth  of  liquid  to  the  wavelength.  As  a  result  are  obtained 
the  equations  of  the  form 

B,  =  —  gix  —  Poi  +  w*,  -1-  X, 

V(  - ^  Poy  +  VF„  +  Y , 

Ci=»— 

In  this  case  pressure  P  is  determined  by  the  formula 

P  =  Pg(C  — *). 

where  P,  -  pressure  on  the  floating  surface,  X,  T  -  horizontal  mass 
forces. 

On  the  basis  of  these  equations  of  long  waves,  is  solved  the 
following  problem.  Let  the  viscous  fluid  of  depth  h  revolve  with  the 
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constant  angular  velocity  a  around  the  vertical  axis  together  with 
the  coordinate  system.  To  the  floating  surface  are  applied  the 
pressures  of  form  P  =  iHkx  ~  «<)].  it  is  necessary  to  determine 

the  type  of  free  surface  of  liquid  and  to  investigate  the 
generatrices  of  wave.  Problem  is  solved  with  the  help  of  the  Fourier 
transform.  Is  conducted  detailed  analysis  of  the  obtained  solution  is 
located  the  condition,  under  which  is  possible  the  formation  of  long 


waves . 
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Effect  of  waves  on  the  immersed  circular  cylinder  at  the  arbitrary 
course  angle. 

A.  Sh.  Afremov. 

Is  examined  flow  of  the  ideal  ponderable  liquid  about  the 
motionless  immersed  circular  cylinder  of  infinite  elongation  with  the 
horizontal  axis.  To  the  cylinder  attack  regular  two-dimensional  waves 
with  an  amplitude  of  a,  the  frequency  a  and  a  length  of  X  = The 
direction  of  the  run  of  waves  composes  angle  x  with  the  axis  of 
cylinder.  Problem  is  solved  in  the  usual  ones  of  the  assumption  of 
small  waves  theory.  The  velocity  potential  of  liquid  <I>  must  satisfy 
known  free-surface  conditions,  condition  of  nonpassage  through  the 
surface  of  cylinder  S,  conditions  for  radiation/emission  and  decrease 
up  to  zero  with  an  infinite  increase  in  the  depth. 

The  potential  of  incident  waves  e  takes  the  form: 

Here  and  subsequently  has  in  mind  only  the  real  part  of  the 
complex  expression. 

In  formula  (1)  it  is  marked:  g  -  the  acceleration  of  gravity,  t 
-  time,  X,  y,  z  -  coordinate  axes.  X  axis  coincides  with  the  axis  of 


•1 


i 

4 


I 
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cylinder,  y  axis  is  directed  upward,  the  origin  of  coordinates  is 
undertaken  on  the  floating  surface. 

Potential  <D  is  sought  in  the  form: 

<D  =  (/•,  +  ^ 

where  functions  F^Cy,  z)  and  F2(y,  z)  satisfy  the  Equation 

AF,.,  —  *  0,  (2) 

fc  =  V  cos  X, 

and  to  the  boundary  conditions 

(3) 

V  {F,  +  FJ  — 4*  =  0|^.  (4) 

Function  F^  satisfies  equation  (2)  everywhere  out  of  s,  while 
function  F,  with  y<0. 

Solution  is  determined  by  the  method  of  successive 
approx imat ions . 

In  the  first  approximation,  is  assxaned  F«*»0  and  function  f^^* 
is  determined  according  to  condition  (3).  In  the  polar  coordinate 
system  (r,  9)whose  beginning  is  undertaken  on  the  axis  of  cylinder, 
has  the  form: 
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Here 

MacDonald's  function,  /«  — the  Bessel  function  of  the  first 
order  from  a  number  of  alleged  argument,  H  -  submersion  depth  of  the 
axis  of  cylinder,  r,  -  radius  of  cylinder. 

In  the  second  approximation/approach  function  is  determined 
from  condition  (4). 
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Sr  -I-)  ■ 

As  the  second  approx imat ion/approach  for  Pi  ih  accepted  function 
^".determined  from  condition  (3)  taking  into  account  Pi*\ 


As  can  be  seen  from  formulas  (7),  before  the  cylinder  appears 
the  two-dimensional  agitation  reflected  at  angle  to  axis  and 
after  the  cylinder  the  waves  caused  by  its  presence  are  propagated  in 
the  same  direction,  as  encountering. 


Relationships/ratios  (3-4)  are  approximately  valid  only  when 
integer),  since  when  x-* -•  «*.  and  the  method  of 
successive  approximations  placed  into  the  calculation  proves  to  be 
inapplicable. 


The  flow  forces,  which  function  on  the  cylinder,  are  counted  on 
Lagrange's  linearized  integral. 


For  lateral  force  Rg  is  an  expression 
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Page  224. 


of  theory  of  diffraction  and  adjacent  questions 
(in  particular,  some  tasks,  connected  with  the  statistics, 
nonlinearity,  and  also  with  the  use  of  geometric-optical  methods). 
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Method  of  parabolic  equation  in  a  theory  of  the  propagation  of  waves 
in  the  randomly  inhomogeneous  medixun. 
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The  account  of  shadings  with  the  wave  diffraction  on  uneven  surfaces. 

F.  G.  Base,  I.  M.  Fouque. 

In  the  approximation/ approach  of  Rirchhoff  is  solved  the  problem 
about  the  diffraction  of  plane  simple  harmonic  wave  on  the 

uneven  pad  S  of  finite  dimensions.  If  observation  point  R.  is  located 
in  fraunhofer  region  and  surface  ideally  reflecting,  then  for  the 
stray  field  we  have  formula: 

UJIe  f 

9  (*•)  *• 

a  i. 

Here  n  -  normal  to  the  reflecting  surface,  qsk  — »», 

Formula  (1)  differs  from  earlier  used  by  the  presence  under  the 
integral  of  function  tj(k,  »•;»),  diffusing  surface  *  =_;  (r):  x;  r)  =  1, 

considering  shadings/blanketings  if  point  r  on  the  surface  is 
illisninated  with  the  incident  wave  and  is  visible  from  observation 
point,  and  it  becomes  zero  in  all  remaining  cases. 

For  the  one-dimensional  inequalities  the  averaging  of  formula 
(1)  on  all  realizations  of  random  function  z>S(  x)  leads  to  the 
following  expression  for  the  coefficient  of  reflection  f(a)  (coherent 
scattering) : 


.  •  A-  v5t 
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/(ci)=  JrfCFFC) 


\  dtW'(t)P,(a.a/Z,i). 

-tf  • 


Here  a  ■>  angle  of  slip,  W($)  and  W'(S)  -  the  density  of  distribution 
of  heights/altitudes  i  and  slope  tangents  C  ~ of  surface,  and 
Pf  (0,81^1)—  conditional  probability  that  the  point  of  surface  with 
the  height/altitude  $  and  the  derivative  I  is  not  shaded  by  other 
points  of  the  same  surface  with  respect  to  source  and  observation 
point  (p  -  angle  of  elevation  observation  point).  Compact  formulas 
are  obtained  only  in  the  following  limiting  cases: 


a)  tgo»a, (ff* )  -  weak  shadowing 

/  («)  »  9  («)[i  -^]  \  diW  (t)  : 


<D  (a)  «  W'  (t)  t  (a)  =  J  (t  -  Iff  a)  W'  ({)<«; 


tc  « 

W'  (t)  tp  (a)  = 

-tc«  W'a 

b)  tg  a«Ot  -  strong  shadowing 

/  (e)  -  «» (o)  ]  i;W  (t)  exp  jiff,  t  -  2^5  ly  (O  dt'. 


(3) 


(4) 


It  is  interesting  to  note  that  the  latter/last  formula  in  the 
oi^site  limiting  case  of  weak  shadowings  (tg  a»aa)  passes  in  (3) 
and  can,  thus,  be  considered  as  interpolation. 
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The  account  of  shadings/blanketings  for  the  intensity  of  stray 
field  leads  to  the  appearance  of  a  factor  less  than  unity,  that 
depends  on  the  angle  of  slip  a  of  the  incident  wave  and  angle  of 
elevation  p  observation  point: 


/  (a.  p)  =  <p  (R,)  q)‘  (R,)  =  /,  (a.  p)  ®  (a.  (i) 
0(0,3)=  5  diW' {t)(l 

-tf  « 


l,(o,  p)  -  the  intensity  of  stray  field  without  taking  into  account 
shadings/blanketings. 


I 
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Diffraction  of  electromagnetic  waves  on  the  bodies,  placed  into  the 
weakly  inhomogeneous  medium. 

I.  G.  Kondratyev,  M.  A.  Miller. 

Are  considered  some  general/common/total  questions  of  the 
diffraction  of  electromagnetic  waves  on  the  bodies,  arranged/located 
in  the  inhomogeneous  medium.  It  is  assumed  that  the  significant 
dimensions  of  body  L  are  negligible  in  comparison  with  the 
sizes/dimensions  of  region  Le,  within  limits  of  which  the  amplitude  of 
applied  field  noticeably  is  changed,  i.e. 

(1) 

(where  x=  ^  =  ^~=—  wavelength  in  the  medium).  Then  strictly  the  i 

diffraction  aspect  of  the  task,  connected  with  the  satisfaction  of  , 

boundary  conditions  on  the  body  surface  in  the  field  of  the  incident 
wave,  does  not  differ  from  the  appropriate  task  for  uniform  space.  i 

However,  ray  tubes  in  the  surrounding  inhomogeneous  medium  can  | 

test/experience  essential  deformations,  as  a  result  of  which  j 

diffraction  field  far  from  the  body,  and  also  general/common/total 

characteristics  of  scattering  body  are  changed.  In  particular,  in  ' 

'  i 

heterogeneous  media  is  possible  the  ideal  focusing  of  rays/beams, 

'  I 

which  brings  in  the  approximation/approach  of  geometric  optic/optics  j 

to  the  unlimited  increase  of  the  intensity  of  radiation/emission  and, 

( 

1 

I 

I 

'  1 


j 
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1 

therefore,  to  the  unlimited  increase  in  the  apparent  diameter  of 
scattering.  Of  course  in  actuality  this  effect  seals  itself  as  a 
result  of  the  heterogeneous  structure  of  ray/beam  near  the  caustic 
curve  or  the  focus,  and  also  due  to  the  further  refraction 
divergence. 

Page  226. 

All  these  special  features/peculiarities  are  in  detail  traced 
based  on  the  example  of  the  plane-layered  medium  e(:),  ii(z)»  within 
which  are  arranged/located  the  emitter  and  the  reflecting  xinit. 
Concrete/specific/actual  calculations  were  performed  for  the  media 
with  the  linear  law  of  a  change  in  dielectric  constant  e  =  const  az.. 

As  a  result  are  established/installed  the  zones,  within  which  the 
apparent  diameter  of  scattering  (among  other  things  the  apparent 
diameter  of  backscattering)  differs  significantly  from  the  actual 
diameter,  determined  for  the  body  in  the  uniform  space.  As  reflectors 
were  examined:  a)  quasi-static  objects  with  the  assigned  tensor  of 
polarizability,  b)  ideally  reflectors  of  simple  form  (cylinder, 
sphere)  in  the  approximation/approach  of  physical  optics. 

Unfortxjnately,  only  in  some  special  cases  to  get  rid  of 
limitation  (1).  They  include  the  system  in  which  the  emitter  and 
reflecting  object  in  the  piecewise-uniform  medium,  for  example  are 
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located  through  the  different  sides  from  plane-parallel  plate e=; const. 

Special  interest  produces  the  effect  of  the  "inflation"  of  field 
near  region  8  =  0  (or  respectively  $t*0) .  The  limiting  value  of 
amplitude  is  actually  determined  by  absorption  (e*=  e,  —  or  spatial 
dispersion,  and  the  sizes/dimensions  of  the  region  of  nonuniform 
field  prove  to  be  order  Le — so  that  condition  (1)  is  satisfied 
only  for  the  relatively  small  objects.  However,  because  of  the 
resonance  increase  of  the  amplitude  of  stray  field  on  them  can  occur 
more  efficient  than  even  at  the  turning  point  of  ray/beam. 

At  the  end  of  the  report  are  considered  the  possibilities  of 
generalizing  the  results  for  the  anisotropic  media. 
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Compression  of  radio-study  pulse  in  a  dispersive  medium  with  the 
random  heterogeneities. 

P.  V.  Bliokh. 


Is  examined  the  propagation  of  wave  packet  in'  the  dispersive 
medium: 

«  (:,  x)^  A  (:,  z) 

The  amplitude  function  A(t,  z),  which  characterizes  the  form  of 
wave  packet,  is  assumed  to  be  that  slowly  varying  in  comparison  with 
the  exponential  factor. 


Introducing  the  spectral  density  of  the  initial  disturbance 

*  f-v  * 

G  («>)  ss  ^  a  (t,  0)  dt,  npeAC^asHM  A  {t,  z)  b 

4  (<,  z)  ^  G(») 

•>00 

Key:  (1).  let  us  represent.  (2).  in  the  form. 


After  decomposing  k((i>)  in  the  series/row  according  to  degrees 
(u-u,)  and  being  limited  to  quadratic  terms,  it  is  possible  to 
ascertain  that  the  amplitude  function  satisfies  the  equation: 


d»  “  *  2  d»»  • 


U) 


Here  Jii 


.  <<* 
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Equation  (1)  coincides  with  the  equation  of  the  transverse 
diffusion  of  amplitude  for  the  fronts  of  approximately  plane  waves 
with  the  diffraction. 

The  role  of  transverse  coordinate  plays  variable/alternating  t, 
and  to  "length  of  wave"  corresponds  parameter  A.'*. 

This  analogy  makes  it  possible  to  immediately  consider 
characteristic  scale  of  the  deformation  of  the 

impulse/momentum/pulse,  which  extends  through  the  dispersive  medium. 

The  deliquescence  of  impulse/momentvim/pulse  is  determined  by  the 

width  of  "Fresnel  zone": 

-h  At  =  At  = 

If  the  initial  pulse  duration  near  point  z*0 

^  r** 

<-<'7'.—  work  passes  to  the  region  of  Fresnel  diffraction  (compare 

9 

a* 

with  condition  ^^e  size/dimension  of  slot  in  the  shield). 

In  this  case,  as  is  known,  is  possible  the  focusing  of  wave  with  the 
help  of  the  lens,  which  deforms  plane  front  of  wave  into  the 
cylindrical  with  the  center  at  the  point  of  focusing  z^.  The 
size/dimension  of  focal  spot  is  equal  to  Analogously  can  be 

I 
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realized  the  temporary/time  foctislng  of  wave  packet,  with  which  the 
impulse/momentum/pulse  is  reduced,  reaching  at  point  2<t>  the  minimijin 
duration 


Respectively  pulse  power  grows  once. 

V® 

During  the  propagation  of  wave  packet  in  the  dispersive  medixsi) 
with  the  random  heterogeneities  to  the  process  of  compressing  the 
impulse/moment^lm/pulse  prevents  the  wave  dissipation  on  the 
heterogeneities. 

It  is  shown  that  there  is  certain  critical  length  of  route 
beginning  with  which  the  temporary/time  focusing  of 
impulse/momentum/pulse  becomes  impossible. 

As  an  example  of  dispersive  medium  with  the  random 
heterogeneities  is  examined  the  ionosphere.  Are  determined  the 
conditions  of  compressing  the  radio  pulse,  passing  through  entire 
thickness  of  the  ionosphere. 
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The  spatial  dispersion  of  inhomogeneous  medium. 

Yu.  A.  Rykhov,  V.  V.  Tamoykin,  V.  I.  Tatarekiy. 

There  is  examined  a  question  about  the  propagation  of  waves  in 
the  medium  with  the  fluctuations  of  dielectric  constant.  For 
describing  the  middle  field  in  the  medium  it  5s  convenient  to 
introduce  concept  efficient  dielectric  constant.  e^(<D,  k),  which  in  the 
isotropic  medium  with  fluctuations  is  tensor.  The  tensor  character 
(dependence  on  k)  of  dielectric  constant  is  caused  by  the  spatial 
dispersion,  caused  by  the  heterogeneities  of  medium. 

Page  228. 

Is  investigated  the  case  of  isotropic  plasma  with  the 
fluctuations  of  electron  density.  Is  obtained  the  expression  for 
e>*(o>k)  with  u  the  close  ones  to 

"  m  • 

which  makes  it  possible  to  describe  field  in  the  plasma  at 
frequencies,  at  which  the  plasma  is  medium  with  the  strong 
fluctuations  of  dielectric  constant. 
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Application  of  asymptotic  methods  to  the  analysis  of  the  measurement 
of  radiation  patterns  in  the  near  zone.  i 

V.  B.  Tseytlin,  B.  Ye.  Kinber. 

1.  Earlier  was  obtained  expression  (1) 

C— ^UEtHnl  — (EiiHil.  n)i»,  (h 

I 

which  connects  wave  amplitude  C  in  circuit  of  receiving  antenna  with 
radiation  field  of  transmitting  antenna  iEiHi  and  field  with 

work  of  antenna  II  on  transmission  (without  taking  into  account 
repeated  interactions).  Expression  (1)  is  used  for:  1)  the  error 
analysis  of  the  measurement  of  radiation  patterns  and  XND,  the 
investigated  and  auxiliary  antennas  caused  by  proximity  and  by  finite 
dimensions  of  the  latter;  2)  the  determination  of  radiation  pattern 
from  the  measurements  in  the  near  zone.  In  each  case  are  examined  two 

1  ao 

versions  of  the  measurement:  «)  7s->  1;  ft  where  R  -  distance 

between  the  antennas,  DuDu—.  the  si'Zes/dimensions  of  antennas. 

2.  For  analysis  of  task  a)  for  fields  EiHi,EiiHu,  are  used 
asymptotic  expansions 


where  functions  F»,  are  connected  with  recurrent 
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relationships/ratios  of  index  n,  and  F,,  N,  -  radiation  patterns  on 
electrical  and  magnetic  field.  Substitution  (2)  in  (1)  for  both 
antennas  and  asymptotic  integration  for  the  method  of  steady  state 
they  lead  to  the  expression 

^  ~ -• 2^ +0 (FiF„).  (3) 

where 

fi, fit  —  the  unit  vectors  of  spherical  coordinates,  in  which  are 
registered  the  fields  of  antenna  I,  II.  Their  polar  axes  are  assumed 
parallel  to  the  oriented  spherical  coordinates  operator  it  takes 
the  more  complicated  form.  The  values  of  all  functions,  entering  in 
(3),  are  taken  for  the  direction  of  the  line  of  conmiuni cat ions. 

Page  229. 


3.  Formula  (3)  makes  it  possible  to  calculate  measuring  errors 
of  modulus/module  and  phase  of  radiation  pattern  and  KMD  of  antenna. 
For  similar  broadside  antenna  arrays  with  the  central  symmetry  of 
field  in  the  plane  of  aperture  from  (3)  it  follows  that 

{(ftFu)*  -  (-^)*  [(FiFo)  ^♦(FiFii)-(^»  (FiFii))*lJ, 

w  •  W 

where 


t  MM  kD\  (^1  —  ^ 


^I.IX 


9  9 


(8) 


DCX:  »  82036015 


PAGE  S9^ 


i.e.  asymptotic  expansion  contains  the  even  degrees  of  parameter 
kX>’2R.  If  polarizations  of  the  tested  and  auxiliary  antennas 
coincide,  then  from  (5)  follows  formula  for  distance  on  which  the 
measuring  error  of  KND  is  equal  to  a: 

where  r  is  determined  through  the  derived  diagrams  of  auxiliary 
antenna  and  the  relation  of  the  sizes/dimensions  of  antennas. 


In  particular,  for  two  equal  square  irregularly  excited  antennas 


A, 


0,88  D* 

V^x* 


if*) 


But  if  the  size/dimension  of  auxiliary  antenna  is  much  lower  than  the 
size/dimension  of  subject,  then 

(76) 

proceeding  the  same  their  formula  (3),  it  is  possible  to  show 
that  the  measuring  error  of  lateral  radiation  in  the  case  of  antenna 
with  the  rounded  duct/contour  decreases  with  an  increase  in  the 
number  of  minor  lobe.  For  example,  for  the  antenna  with  the  circular 
aperture 


R, 


{8> 


where  m  -  number  of  minor  lobe. 
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4.  For  antennas  with  complex  diagrams  (4)  it  contains  also  odd 
degrees  of  parameter  kD*/2R,  which  increases  error  of  measurement.  Is 
obtained  formula  for  the  measuring  error  of  KND  of  the  horn  antennae 
of  the  form 


(q  =  1.  2.  3;  i  =  1,  2;  ;  -  I.  II). 


(9) 


where  m  —  length  of  horns,  Aj  —  sizes/dimensions  of  the  apertures 
of  horns. 


Functions  a,  and  0,  are  designed  and  for  them  given  the  graphs. 
Calculation  according  to  (9)  gives  a  good  agreement  with  the 
experiment  when  ^>1,5. 


5.  Solution  of  task  b)  is  important  for  error  analysis  of 
measurements  of  diagrams  and  diameters  scattering  objects,  located  in 
section  of  plane  wave,  formed/shaped  with  auxiliary  antenna.  For 
field  EiHi  as  before  is  used  expansion  (2).  For  field  EhHu  is  \issd 
the  expansion  of  the  form 


(10) 


where  r,  -  significant  dimension  of  antenna  II,  radius  of  the  section 
of  plane  wave.  Are  obtained  the  formulas,  analogous  (3),  in  which  the 
error  has  two  components  -  on  the  point  of  steady  state  (due  to  the 
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gradient  of  amplitude  along  the  wave  front)  and  contour  integral  (due 
to  the  edge/boundary  waves).  Is  made  an  evaluation  of  errors  and  are 
examined  some  methods  of  their  decrease. 


6.  While  conducting  of  measurements  for  except ion/el iminat ion  of 
errors  it  is  necessary  to  convert  operator  in  (3)  and  analogous 
operator  in  measurement  by  method,  described  in  p.  5.  Inversion  (3) 


where  a,  —  function  of  the  derived  radiation  patterns  of  auxiliary 
antenna.  In  particular,  in  the  measurement  of  KND  of  major  lobe  from 
(11)  it  follows  that 

Key:  (1).  where. 


From  (12)  follows  the  validity  of  the  method  of  the  measurement  of 
KND  by  the  defociuing  of  irradiator  and  the  estimation  for  its  error. 
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Page  230. 

The  theory  of  standing  finite  waves  on  the  floating  surface  and  on 
the  interface  of  heavy  liquid  of  two  layers  of  final  dept^  and 
different  density, 

Ya.  I.  Sekerzh-Zen'ko. 

Is  examined  the  heavy  ideal  incompressible  fluid,  which  ^onsists 
of  two  layers  of  different  density  and  arranged/located  one  above  the 
other.  Both  layers  are  assumed  final  depth.  Liquid  is  bounded  above 
by  floating  surface,  and  from  below  by  horizontal  flat  bottom. 

In  Lagrange's  variable/alternating  is  given  the  complete 
formulation  of  the  problem  about  the  plane  standing  waves  on  the 
floating  surface  and  on  the  interface  of  the  liquid  in  question.  Is 
indicated  the  method  of  the  construction  of  the  complete  solution  of 
problem  in  the  form  of  series/rows  according  to  the  degrees  of 
certain  low  parameter  and  besides  without  secular 

components/terms/addends.  To  the  end/lead  are  designed  first  two  and 
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partially  the  third  approximation/approach.  Are  obtained  the 
approximate  equations  of  floating  surface  and  interface  and  the 
approximate  equation,  which  connects  frec[uency  with  amplitude  and 
wavelength.  Are  noted  the  basic  properties  of  the  finite  waves  in 
question,  which  differ  them  from  the  results  of  the  solution  of 
problem  in  the  linear  setting. 

In  the  literature  known  to  us  we  did  not  meet  the  works, 
dedicated  to  the  task  in  question.  The  case  of  the  free  final 
oscillations  of  the  interface  of  two  unlimited  heavy  liquids  of 
different  densities  is  for  the  first  time  examined  in  our  article  "On 
the  theory  of  the  free  final  oscillations  of  the  interface  of  two 
unlimited  heavy  liquids  of  different  densities”  (DAH  of  the  USSR, 

136,  No  1,  1961.  It  is  reported  on  the  I  All-Union  symposium  about 
the  wave  diffraction  in  g.  To  Odessa  in  I960,*  see  also  our  article  in 
the  labor/works  of  the  .Marine  Hydrophysical  Institute  of  the  Academy 
of  Sciences  of  the  USSR,  Vol.  23,  1961).  The  case  of  the  liquid  whose 
upper  layer  has  finite  depth,  and  lower  is  infinitely  deep,  is 
exeunined  in  our  work,  reported  on  the  II  All-Union  symposium  on  the 
wave  diffraction  in  Gor'kiy  in  1962. 
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Page  231. 

Some  tasks  of  wave  dynamics  in  elastoplastic  media. 

I.  G.  Filippov. 

In  the  present  work  is  proposed  the  simplified  formulation  of 
the  dynamic  problems  in  the  elastoplastic  medium  of  Prandtl-Reuss 
which  we  will  consider  uniform,  isotropic.  Furthermore,  the 
deformation  of  medium  we  will  consider  small  and  the  volume  strain  of 
that  reversed. 

The  general/coramon/total  relationships/ratios  between  the 

components  of  the  deviators  of  the  stress  tensor  of  the  strain 

velocity  tensor,  as  is  known,  take  the  following  form: 

(«»,  —  s)  =  (<r„  +  p)  +  « (<T«,  +  p) 

GdlOt  («^  =■  d/<tt  («„)  +  iwT^ 

where  «».«»»»•••  -  amounts  of  deformations,  e  -  average/mean  volxsne 
strain,  ^  -  the  value  of  stresses/voltages,  p  -  mean  pressure  m 
-  the  parameter  of  plasticity,  depending  on  the  unknown  functions. 

Expressions  for  are  obtained  from  (1)  by  the  cyclic 


permutation. 
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The  condition  of  plasticity  we  accept  in  the  form  of  Mises 

<«!»  —  OiJ*  +  —  ®«*)*  +  (Om—  +  6  (ajj,  +  <^  +  fl^,)  “  2**.  (2) 

Furthermore,  we  consider  that 
„  _  2 (V 4-1)0  . 


where  -  Poisson  number. 


”^“-31' 


In  the  general  case 


where  W  -  value  of  plastic  work,  moreover  in  view  of  positiveness  m 
relationships/ratios  (1)  are  valid  with  satisfaction  of  condition 
dw/dt>0  and  condition  (2).  In  the  opposite  cases  of  m-0 
relationships/ratios  (1)  are  degenerated  and  relationship/ratio  for 
the  elastic  deformations. 


In  order  to  convert  relationships/ratios  (1)  relative  to  the 
components  of  strain  tensor,  let  us  act  as  follows. 

Let  us  introduce  the  relative  deformations 

«**  —  ®»»*  ~  ®n»  ^  **»’  *«  (^) 

and  the  auxiliary  functions 

(/)  =  All  W,  +  ^t),  i  =  1 . 6.  (6) 

where  At  -  some  number-  functionals,  and  f(t)  -  characterizes  a 
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change  in  the  relative  deformations  in  the  course  of  time. 

Let  us  decompose  the  physical  space  Q(x,y,z)  into  the  final  sum 
of  subspaces  moreover  Q  =  ^Qi- 

Assuming  relative  deformations  by  the  piecevise-continuous 
functions  of  coordinates  x,y,z,  in  each  subspace  Qi  let  us  replace 
Ci  with  their  average/mean  values  kA  by  functions  from  t. 


Page  232. 


There  is  this  function  f(t)  and  there  are  such  numbers  in 
each  Qi,  that 


5  S  5  S  I  Ci  (*.  y.  0  -  C?  (01*  d^dydzdt  1*^  -  miuj 

0,- 


(7) 


in  the  sense  of  the  root -mean-square  approximation/approach  where  T, 
-  duration  of  the  process  of  loading  (dW/dt>0). 


Using  relations  (1),  (2),  (5),  (6)  in  sense  (7),  for  m(t)  we 
will  obtain  the  ordinary  differential  equation 

5^  +  =  aJ/'\  m  =  o^'  Ihla^lOl,  (8) 

where 

a*  =  p  (2Aj  +  2^;  +  2A*  +  ZA\  +  3.1*,  +  3^?).  (9) 

Mote.  It  is  possible  to  consider  the  elastoplastic  medi\]m  taking 
into  account  the  phenomena  of  strengthening.  For  example,  counting  in 


h 
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(2) 

Hatjdefi  +  *o)  . 

where  H  and  k*.  -  parameters  of  medium.,  H  depending  on  the  components 
of  the  deviator  of  strain  tensor,  and  using  condition  (7),  for  m  we 
will  obtain  the  expression 

(11) 

Parameter  H  makes  sense  of  weight  function  relative  to  plastic 
work,  and  the  process  of  loading  is  characterized  by  inequality 


Considering  the  parameter  of  plasticity  that  approximately 

having  form  (9)  or  (11)  and  converting  relationships/ratios  (1) 

relatively  •  •  • -t  by  the  introduction  of  the  "generalized 

potentials"  and  according  to  the  formulas 

a®  ,  av,  av,  _  ^  ^  ^ .  (12) 

equations  of  motion  in  the  absence  of  external  forces  it  is  possible 
to  reduce  to  the  form 


-S' 


a%i>  ,  aH»  j_a^  w  •  r 

a»*  ay*  a*  dt*  3a*  j 


JmOi' 

me*  &Odt' 


(13) 


a'T,  .a*>r, 


a?  ^  ay* 


1 

ct  4*  a«* 


>■-1' 


Joan- 


where 


«  -  K(r+15)7p,  &  -  X  -  2G/ (V  -  2),  e  -  1,  2. 

With  m«0  equation  (13)  they  pass  in  the  equations  for  the 
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elastic  media. 

Approximate  equations  (13)  simpler  than  the  reference  system  of 
equations  make  it  possible  to  solve  the  problems  of  the  propagation 
of  waves  and  task  of  diffraction  in  the  elastoplastic  medium  of 
Prandtl-Reuss.  Unknown  constants  AtU)  are  determined  from  (7)  after 
the  solution  of  one  or  the  other  problem. 

By  the  given  method  are  solved  general  problem  of  diffracting 
the  elastoplastic  wave  on  the  arbitrary  duct/contour  C  and  task  of 
diffraction  in  the  semi-infinite  section/cut,  and  is  also  solved  the 
problem  of  the  propagation  of  wave  in  the  elastoplastic  medium  which 
with  m>0  gives  the  solution  of  the  problem  about  the  propagation  of 
periodic  disturbances/perturbations  in  the  elastic  medium. 
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Page  233. 

Incidence  of  plane  electromagnetic  wave  on  the  layer  of  nonlinear 
substance. 

L.  A.  Ostrovskiy,  Ye.  I.  Yakubovich. 

Recently  increasing  interest  acquire  such  types  of  the 
boundary-value  problems  of  electrodynamics  for  solving  which  usual 
geometric-optical  and  diffraction  methods  are  unsuitable.  Some  of 
such  types  form  the  tasks  of  nonlinear  electrodynamics,  in 
particular,  nonlinear  optic/optics.  In  the  report  is  examined  the 
propagation  of  electromagnetic  waves  in  the  heterogeneous  layer, 
which  contains  nonlinear  medium.  If  nonlinear  are  the  dispersive 
properties  of  medium  (moreover,  losses  can  be  negative,  i.e.,  medium 
can  contain  the  excited  molecules),  then  a  change  in  the  wave 
amplitude  is  determined  by  two  factors  -  heterogeneity  and  nonlinear 
dissipation.  Complication  of  the  problem  in  comparison  with  the 
nonlinear  is  caused  another  need  for  the  account  of  interaction  in 
the  layer  of  waves  with  different  wave  numbers.  Therefore  the 
apparatus  for  spectral  field  expansion  to  the  plane  waves  does  not 
lead  to  simplification  in  the  task. 
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In  the  report  are  derived  the  equations,  which  describe  a  change 
in  amplitude  and  phase  of  monochromatic  field  in  the  heterogeneous 
nonlinear  medium  (nonlinearity  is  caused  by  the  substance,  which 
consists  of  the  two-level  molecules).  On  the  basis  of  the  general 
solution  of  these  equations  for  the  one-dimensional  case  is  examined 
the  task  about  the  incidence/drop  on  the  layer  of  plane  wave.  It  is 
located  field  distribution  in  the  layer,  and  also  coefficients  of 
reflection  V  and  transmission  R.  These  values  depend  both  on  the 
frequency  u  and  on  amplitude  A  of  the  incident  wave.  As  in  the  linear 
case,  layer  has  specific  resonance  frequencies,  but  values  their 
others. 

Special  is  the  case  of  negative  damping  (effective  layer).  For 
this  layer  with  the  small  amplitude  of  the  field  of  the  incident  wave 
is  possible  the  ambiguity  in  the  determination  of  harmonic  solutions; 
however,  not  all  these  solutions  are  stable  in  view  of  the 
possibility  of  generation. 

Are  examined  the  special  features/peculiarities  of  reflection 
from  the  thin  (order  of  wavelength  X)  and  thick  (thickness  of  the 
layer  is  great  in  comparison  with  X)  layers. 

Investigated  also  a  continuous  incidence  in  the  wave  on  the 
heterogeneous  layer.  With  certain  polarization  of  the  incident  wave 
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this  task  with  the  help  of  the  separation  of  variables,  can  be 
reduced  to  the  one-dimensional. 

The  method  used  in  the  report,  apparently,  can  be  generalized  to 
the  series/row  of  other  non-one-dimens ional  quasi-optical  problems, 
which  relate  to  the  nonlinear  media. 
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The  propagation  of  quasi -harmonic  waves  in  a  heterogeneous  dispersive 
medium. 

L.  A.  Ostrovskiy. 

The  problem  about  the  propagation  of  quasi-harmonic  (modulated) 
waves  in  the  inhomogeneoxis  medium  is  solved  most  frequently  in  the 
approximation/approach  of  geometric  optic/optics  and  is  reduced  to 
the  determination  of  value  and  direction  of  the  radial  velocity  at 
each  point,  and  also  change  of  the  amplitude  of  field  along  the 
ray/beam.  However,  for  the  dispersive  media  this 

approximation/approach  hardly  ever  proves  to  be  sufficient  in  view  of 
the  fact  that  at  the  distances,  congruent  with  the  characteristic 
scale  of  heterogeneity,  can  substantially  be  manifested  the 
deformation  of  the  envelopes  of  wave  due  to  the  dispersion.  This 
deformation  is  of  independent  interest. 


In  the  report  is  proposed  the  method  of  integrating  the  wave 
equation  for  s<Hne  classes  of  similar  tasks,  which  makes  it  possible 
to  determine  change  in  time  and  space  of  "slow"  values  -  the 
frequency  of  wave  «(r,t)  and  aii?)litude  A(r,t). 
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Page  234. 

These  values  satisfy  nonlinear  (in  spite  of  the  linearity  of  initial 
equations)  equations  in  the  partial  derivatives  which  can  be 
integrated.  The  obtained  solutions  are  applied  for  the  study  of  the 
passage  of  the  quasi -harmonic  wave  through  the  heterogeneous  layer. 

It  is  shown,  in  particular,  that  under  specific  conditions  the 
dispersion  leads  to  the  grouping  of  wave  energy  in  the  very  narrow 
intervals;  the  frequency  of  wave  in  the  same  intervals  sharply 
varies;  then  are  formed  regions  with  the  "three- frequency"  solution. 
In  the  general  case  of  change  u  and  A  they  are  connected  and  are 
determined  by  "competition"  between  the  dispersion  and  heterogeneity 
of  medium. 

The  simplest  results  are  obtained  for  the  one-dimensional  tasks; 
generalization  to  the  three-dimensional  case  is  achieved  with  the 
help  of  the  examination  of  the  "ray  tubes"  whose  diameter  varies  at 
each  point  in  the  course  of  time.  It  should  be  noted  that  similar 
methods  of  solution  of  hyperbolic  equations  prove  to  be  efficient  and 
in  the  more  complicated  cases  (for  example,  waves  in  the  linear 
unsteady  ones  or  in  the  nonlinear  media). 


DOC  -  82036016 


PAGE  99S" 


Reflection  of  atmospheric  waves  from  solid  obstructions. 

G.  S.  Golitsyn. 

In  the  isothermal  atmosphere  heterogeneous  in'  density  there  are 
two  transmission  modes,  caused  by  the  combined  action  of  the 
elasticity  of  air  and  by  the  stratification  of  the  atmosphere  under 
the  effect  of  gravitational  force.  These  waves  are  described  by  the 
following  dispersion  equation: 

«*  —  (**  +  ot*)  c*  +  iV*e’**  cofl*  9  =»  0,  (1) 

where  u  -  frequency,  Jt-  wave  number,  a  —  yg/2i^,  y  =•  g  -  the 
acceleration  of  gravity,  c  -  the  speed  of  sound,  ;v  =  g/c,  9  -  the 

angle  between  the  direction  of  wave  vector  and  the  horizontal. 

Prom  (1)  it  follows  that 

•«  .  -I-  ((*•  +  «*)  ±  V (**  +  «*)*  —  cos* 9}.  (2>. 

Frequencies  with  sign  (  +  ),  for  which  u>ac,  with  k»o«l/2H,  where  H  - 
height  of  homogeneous  atmosphere,  they  correspond  to  the  usual 
acoustic  waves  (the  acoustic  branch).  Frequencies  with  the  sign  (-) 
correspond  to  the  internal  gravity  waves  for  which  u^N  cos  9<ac.  Both 
transmission  modes  possess  frequency  and  spatial  dispersion.  The 
reflection  of  these  waves  from  the  solid  flat/plane  boundary 
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possesses  a  nmnber  of  interesting  special  features/peculiarities. 

With  the  reflection  must  the  holding  frequency  and  the 
projection  of  wave  vector  on  the  plane  of  obstruction.  Furthermore, 
on  the  interface  must  be  equal  to  zero  normal  to  the  surface  of  the 
section  of  the  component  of  speed.  In  the  waves  of  the  type  in 
question  the”  terminus"  of  the  velocity  vector  describes  certain 
ellipse  in  the  vertical  plane,  passing  through  the  wave  vector.  From 
the  considerations  of  symmetry  it  is  obvious  that  the  oscillations  in 
the  wave  reflected  will  occur  in  the  same  plane.  For  simplicity  we 
will  count  this  plane  of  the  perpendicular  plane  of  obstruction. 

Page  235. 


Requirements  of  the  retention/preservation/maintaining  frequency 
and  tangential  component  of  wave  vector  give  the  following 


conditions: 


— 7V*co»*9,)=.ifc*(«*  — JV«co«»9),  (3> 

iciSinOi  AfiaV,  (4) 


where  0,0t  -  angles  of  incidence  and  reflection,  and  index  ^  relates 
to  wave  (4}reflected.  If  ~  angle  between  the  horizontal  of 
obstruction,  then  all  three  angles  are  connected  with  the 
relationship/ ratio 

♦  +  9  ® 


Conditions  (3)'(5)  are  sufficient  for  deteraining  of  unknown  values 
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<Pi  from  the  assigned  values  of  k,  B,  ip. 

With  the  reflection  from  horizontal  plane  (if  =  0)  A  =  Aj,  9  =  9,, 

B*Bi,  i.e.,  are  observed  the  normal  conditions  for  reflection.  If 
i|)  ^  0  (slope  of  mountain),  then  reflection  occurs  vith  a  change  in 
the  wavelength  and  Bi^B.  To  the  process  of  solving' system  (3)-(5)  it 
is  possible  to  give  geometric  interpretation.  Equation  (3)  is  in 
polar  coordinates  (ki,9i)  the  equation  of  ellipse  for  the  acoustic 
branch  and  hyperbolas  for  the  gravity  waves.  Equations  (3),  (4)  are 
symmetrical  relative  to  k  and  ki,  B  and  9i,  9  and  9i.  The  terminus  of 
the  wave  vector  of  the  wave  reflected  and  the  origin  of  the  wave 
vector  of  the  incident  wave  must  be  located  on  the  intersection  of 
these  curves  of  the  second  order  with  perpendiculars  to  the 
reflecting  plane,  conducted  at  distance  k  sin  B  from  the  origin  of 
coordinates  (terminiis  of  the  wave  vector  of  the  incident  wave). 
Condition  (5)  makes  it  possible  to  select  from  the  points  of 
intersection  that  which  corresponds  to  the  wave,  reflected  back  in 
the  atmosphere. 

The  requirement  of  a  change  in  the  phase  on  r  with  the 
reflection  ensures  equality  to  zero  normal  component  of  speed  on  the 
interface. 
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Propagation  of  acou&tic-gravitational  waves  in  an  unhomogeneous 
atmosphere. 

L.  A.  Dikiy. 

Any  strong  localized  disturbance/perturbation  excites  in  the 
atmosphere  the  whole  set  of  waves  with  the  different  periods.  Usually 
these  waves  observe  with  the  help  of  the  microbarographs,  which  fix 
the  pulsations  of  pressure  in  the  range  from  the  fractional  minutes 
to  10  or  somewhat  more  than  minutes.  The  signal  velocity  proves  to  be 
order  300  m/s.  During  the  theoretical  study  of  such  waves  it  is 
clarified,  that  they  cannot  be  described  second  order  equation  for 
the  time  as  in  the  "pure/clean"  acoustics,  but  only  by  the  system  of 
equations  of  higher  order,  which  joins  acoustic  and  gravitational 
oscillations.  In  the  present  work  is  constructed  the  theoretical 
model  of  such  waves  upon  consideration  of  the  real  dependence  of 
temperature  on  an  altitude  (with  two  temperature  minimums,  at 
heights/altitudes  ~^17  and  86  km).  With  the  help  of  the  electronic 
computer  are  obtained  the  dispersive  curves,  which  show  the 
dependence  of  natural  frequencies  on  the  wave  niimbers  or  on  the  phase 
speeds.  In  this  case  entire/all  set  of  curves  falls  into  two  beams. 
The  waves,  which  correspond  to  one  of  them,  can  be  somewhat 
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conditionally  treated  as  acoustic  ones  (although  the  archimedian 
forces  play  in  them  known  role).  Waves,  which  correspond  to  other, 
respectively  gravitational.  The  periods  of  acoustic  waves  are  less, 
approximately,  5  min.  Phase  speeds  -  are  more  than  300  m/s.  For  the 
gravitational  ones,  on  the  contrary,  the  periods  more  than  5  min., 
speeds  less  than  300  m/s. 

Special  attention  is  given  to  the  energy  distribution  of 
oscillations  according  to  the  height/altitude.  Are  separately 
calculated  four  forms  of  the  energy:  kinetic  energy  of  the  horizontal 
component  of  speed,  energy  of  vertical  component,  potential  energy, 
connected  with  changes  in  the  pressure  (elastic  energy)  and  with 
changes  in  the  entropy  (thermobaric,  or  gravitational).  The  given 
graphs  are  shown,  as  with  the  decrease  of  wavelength  wave  energy  is 
crowded  in  the  waveguide  layers.  For  the  acoustic  waves  this  of  the 
zone  of  the  minimums  of  temperature. 

Page  236. 

The  phase  speeds  of  short  acpustic  waves  are  close  to  300  m/s, 
dispersion  almost  is  absent.  Energy  of  short  gravity  waves  is  crowded 
in  the  zone  of  large  relative  stability,  — 110  km.  The  phase  speeds 
of  these  waves  are  close  to  zero,  dispersion  is  great.  For  the 
comparison  of  the  separate  forms  of  energy  it  is  possible  to  use  the 


DOC  »  82036016 


PAGE  h.03 


following  relationships/ratios,  ^r,  e,  -  density  of  horizontal, 
vertical,  elastic  and  thermobaric  energy.  Then 

e,  e^  hirfl, 
es-  3!/3*. 

where  H(z}  -  so-called,  statically  equivalent  height  of  homogeneous 
atmosphere  H«RT/g,  7  -  the  relation  of  heat  capacities,  h  - 
dynamically  equivalent  height/altitude,  equal  to  -  phase  wave 

velocity).  Further,  a  -  frequency,  a.  -  this  so-called  frequency  of 
Brunt-Vaisala  =  where  /5  -  steady-state  stability  factor 
/3=(7-1)  g+7gH' .  Thus,  with  an  increase  in  the  phase  velocity  (or  h) 
increases  the  portion  of  elastic  energy  in  comparison  with  the 
horizontal.  With  an  increase  in  the  period  increases  the  portion  of 
thermobaric  energy  in  comparison  with  the  vertical.  For  the 
comparison  of  the  vertical  and  horizontal  energies  with  each  other  is 
proposed  the  formula 


where  -  this  e,,  averaged  on  the  air  column.  Here  is 

computed  along  the  dispersive  curve.  Thus,  the  relation  of  horizontal 
and  vertical  energy  can  be  calculated  according  to  the 
inclination/slope  of  dispersive  curve  to  the  coordinate  axes. 
Latter/last  formula  allows/assumes  this  interpretation 


where  Crp  ~  the  group  velocity  of  waves.  Group  velocities  calculated 
according  to  this  formula  nowhere  exceed  310  m/s,  although  the  phase 


I 
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speeds  are  not  limited.  The  group  velocities  of  gravity  waves  much 
less  than  the  phase  speeds  which  and  themselves  are  small;  therefore 
the  group  velocities  of  short  gravity  waves  are  close  to  zero. 

Gravity  waves  more  slowly  diverge  than  acoustic,  consequently  more 
slowly  they  attenuate  at  the  particular  point  of  space.  Besides  very 
low  speeds,  the  observation  of  these  waves  impedes' also  the  fact  that 
their  energy  in  essence  is  thermobaric,  but  is  not  elastic,  which 
only  and  they  can  note  microbarographs. 

Work  gives  the  graphs,  which  illustrate  the  waveguide  character 
of  the  propagation  of  short  waves. 
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Page  237. 

Ray  description  of  wave  beams. 

L.  S.  Dolin. 

Work  examines  some  properties  of  the  spectrum  of  the  correlation 
function  of  the  randomly  heterogeneous  monochromatic  monochromatic 
field,  which  lead  under  specific  conditions  to  the  purely  energy 
description  of  diffraction  effects. 

It  is  known  that  the  correlation  function 

r  (fx.  rj  =  £(rx)£*(r,) 

of  the  scalar  wave  field  E(r)  satisfies  system  of  equations 

(A,  +  *J)  r  (rj,  r,)  =  0,  (1) 

(A,  +  AS)  r  (r„  rj  =  0.  (2) 

If  we  in  equations  (1),  (2)  switch  over  to  new  variable/alternating 
p«rx-rj  and  r  =  *'■?  and  then  siim  these  equations  and  subtract  one 

from  another,  then  we  will  have: 

(V,V,)r(p,  r)  =  0,  (3) 

(I  A,  +  A74-*J)  r  (p,  r)  =.  0.  (4) 

Expanding  function  r{p,t)  into  the  three-dimensional  integral  of 
Fourier 


(5) 
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for  its  spectrum  F  we  will  obtain  the  following  system  of  equations: 

(kV,)  F  (k.  r)  =  0,  (8) 

(Ia, -l-ki-k*)F(k.  r)  =  0.  (7) 

The  first  of  these  equations  shows  that  the  spectrum  of  correlation 
function  is  retained  along  the  rays/beams,  parallel  to  vector 

*•  +  ka)  =  0;  the  second  -  determines  the  class  of  the  possible 
distributions  F(k,  r)  in  the  plane,  normal  to  the  direction  of  this 
vector. 

It  is  not  difficult  to  see  that  if  on  the  boundary  of  certain 
region  is  known  the  true  distribution  F,  then  the  continuation  of  the 
spectrum  inside  the  region  can  be  realized  with  the  help  of  the 
equation  of  transfer  (6).  Of  course  in  the  general  case  this  does  not 
simplify  the  solution  of  the  boundary-value  problem  for  r  (p,  r),  since 
for  finding  the  spectrum  on  the  boundary  is  necessary  knowing  the 
correlation  function  in  certain  of  its  vicinity,  up  to  the  distances 
from  the  boundary  of  the  order  of  the  greatest  of  the 
sizes/dimensions  of  the  region  of  correlation  field. 

However,  in  some  special  cases,  for  example  for  the  fields  of 
the  type  of  wave  beam,  boundary-value  problem  actually  is  reduced  to 
this  continuation,  and  then  the  use  of  equation  (6)  proves  to  be  very 


DOC  -  82036016 


PAGE  bff! 


convenient. 

In  fact,  let  r(p,r)  be  the  slow  to  scale  of  length  function  r 

with  the  characteristic  scale  of  heterogeneity  L.  It  is  not  difficult 

to  show  that  then  when  correlation  function  approximately 

is  represented  in  the  form 

r  (f»,  r)  =  ^  /  (n,  r)  c/wa,  (8) 

4f> 

moreover,  the  ftinction  I  confronting  under  integral  -  angular 
spectrum  of  correlation  function  -  it  as  before  satisfies  the 
equation  of  the  transfer: 

(ny,)  /  (n,  r)  =  0.  (9) 

it  is  possible  to  consider  that  this  function  defines  certain  field 
of  radiant  energy  with  the  same  as  in  field  E(r),  by  the  energy 
density  distribution.  Relationship/ratio  (8)  establishes 
connection/communication  between  the  ray  intensity  of  this  field  and 
the  correlation  properties  of  field  E(r). 

Page  238. 

For  the  fields  of  the  type  of  wave  beam  the  angular  spectrum  I 
is  different  from  zero  in  the  small  solid  angle  about  certain 
direction  (for  the  certainty  we  will  consider  it  as  that  coinciding 
with  the  direction  of  z  axis  of  the  Cartesian  coordinate  system)  and 
can  be  expressed  directly  through  the  distribution  of  correlation  in 
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the  cross  section  of  the  beam: 

CO 

/(n.r.)-  (-^f  ]\  r(p,.r.)e‘*-^<Pp. 

— 00 

(r,  -  radius-vector  in  plane  z-const). 

Thus,  the  calculation  of  the  field  of  correlation  according  to 
its  specified  distribution  in  certain  beam  s:>ction  (for  example,  in 
plane  2*0)  is  reduced  to  the  solution  of  the  equation  of  transfer  (9) 
under  boundary  condition  ^  (“•  >“»)•  where  1  - 

Fourier-transform  (r(p.r)Jz-o,  i.e.  it  consists  of  finding  the 
planar-angular  distribution  of  radiant  energy  in  region  z>0  according 
to  the  known  distribution  in  plane  z»0.  Energy  density  is  located  in 
this  case  by  the  simple  addition  of  ray  intensity,  which  arrive  into 
observation  point  from  different  points  of  plane  z*0. 

Analogously  is  solved  the  problem  about  the  passage  of  the  wave 
beam  through  the  flat/plane  shield  with  the  assigned  transformation 
ratio  (which,  in  particular,  can  be  random),  it  is  reduced  to  the 
task  about  scattering  of  the  pencil  of  rays  on  the  rough  surface,  the 
indicatrix  of  scattering  by  which  is  represented  in  the  form  of  the 
spectrum  of  the  correlation  function  of  the  gear  ratio/transmission 
factor  of  converter  on  the  field. 


Of  course  the  ray  method  in  question  is  applicable,  in 
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particular,  and  to  the  regular  fields.  On  the  obtained  spectrum  of 
the  I  diffracted  field  in  this  case  there  can  be  restored  the  field 
itself  E(r). 

In  the  conclusion  the  equation  of  transfer  (9)  is  generalized  to 
the  fields  in  the  randomly  heterogeneous  media.  Equation  obtained  in 
this  case  coincides  with  the  equation  of  the  transfer  of  radiant 
energy  in  the  turbid  medivim,  the  role  of  the  indicatrix  of  scattering 
playing  the  spectrum  of  the  correlation  function  of  the  fluctuations 
of  refractive  index.  In  contrast  to  the  usual  equation  of  transfer 
this  equation,  just  as  (9),  describes  the  propagation  of 
radiation/emission  taking  into  account  diffraction  effects. 
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Goubou  wave  dissipation  on  heterogeneities  of  beam  guide. 

R.  B.  Vaganov. 

1.  Ray  waveguide,  or,  briefly,  beam  guide,  is' system  of  phase 
correctors  (lenses  or  mirrors),  being  guided  beam  plane  waves.  Their 
own  waves  of  ray  waveguide  compose  the  complete  system  of  orthogonal 
functions;  therefore  any  field  distribution  in  plane  z>const  can  be 
mathematically  decomposed  according  to  the  functions  of  modes.  This 
expansion  makes  physical  sense,  if  transverse  wave  numbers  7  in  7- 
distribution  are  limited  Tnux'*<*< 

If  the  field  of  the  wave  (for  example,  to  the  x--  component  of 
magnetic  field)  incident  to  the  inadequate  corrector  we  designate 
through  C7,,«  (zj),  the  field  of  the  wave  transmitted  through  the 
corrector  is  represented  in  the  form  of  the  series/row 

II,,  »  (Z|)-  T  *■  Cm,  1%,  •:  nr •  W  (*i)- 

Page  239. 

Here  T  -  coefficient  of  transmission,  calculated  in  the 
approximation/approach  of  geometric  optic/optics,  v,'n  and  v',  n'  > 
azimuth  and  radial  indices  of  incident  and  outgoing  waves. 
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respectively  -  the  excitation  coefficients  of  the  waves  of 


high  orders.  For  the  approximate  computation  are  used  the 
eigenfunctions  of  system  from  the  correctors,  unconfined  of  the 


radius: 


«*•  “jf-f+'r) 


•  § 

X  /■^‘**'***  cos  vip  COB  v'9  df. 


where  £Z,(x)  -  generalized  Lyagerr  polynomials, 

«“«[*.+  {^)’]'»-  «  -.(J-H-.*  +  <)•»  +  ^ 

It  is  sho%m  that  the  error,  connected  with  this  replacement,  \ 

exponentially  decreases  with  an  increase  in  parameter  C"kaVL,  where 
k  -  wave  nxnnber,  a  -  a  radius  of  corrector,  L  -  the  distance  between 
the  correctors.  If  It|«1,  then  distortion  carries  purely  phase 
character  and  action  of  the  inadequate  corrector  it  is  reduced  to  the 
dissipation  of  energy  of  ray  wave  into  the  waves  of  adjacent  numbers. 
For  determining  the  character  of  the  propagation  of  waves  in  the  real 
system  the  transformation  ratios  are  calculated  on  the  assumption 
that  the  system  is  loss-free.  Then  to  waves  are  assigned  the  losses, 
introduced  by  real  correctors.  These  losses  include  radiation  losses, 
also,  in  the  case  of  the  dielectric  lenses  of  loss  in  the  dielectric. 


2.  With  transverse  displacement  of  lens  between  forming  on 
shifted  lens  modes  and  basic  wave  appear  three-dimensional/space 
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beats.  Beats  form  the  beam,  which  in  ideal  system  obeys  the  law  of 
paraxial  optic/optics.  By  the  shifts/shears  of  lenses  it  is  possible 
to  return  it  to  the  optical  axis,  moreover  its  structure  completely 
is  restored.  This  phenomenon  is  analogous  with  the  compensation  for 
parasitic  waves  in  the  multiwave  waveguide  systems.  If  displacement 
is  small  in  comparison  with  the  sizes/dimensions  of  spot  on  the  lens, 
then  to  optical  laws  is  subordinated  beam  in  the  real  system  when  the 
sum  of  the  radiation  and  dielectric  losses  of  fundamental  wave  and 
wave  TEMi,  are  equal. 

3.  In  beam  guide  with  random  uncorrelated  displacement 
compensation  does  not  occur.  Are  accumulated  waves  of  the  high  orders 
whose  energy  in  turn,  is  scattered  on  the  waves  of  the  following 
orders.  Are  designed  coupling  coefficients  in  the  power  in  the 
chain/network  of  the  waves  which  appear  from  the  fundamental  wave  on 
the  displacement  of  lenses  and  changes  in  their  optical  power.  Are 
calculated  the  dielectric  losses  of  all  waves  of  chain/network.  These 
data,  and  also  known  radiation  losses  make  it  possible  to  determine 
losses  to  the  unit  of  the  length  of  beam  guide  with  the  real  lenses, 
if  is  kno%m  the  standard  deviation  of  lenses  from  the  ideal  geometry. 
Calculation  is  performed  on  the  assumption  that  the  chain/network  is 
broken  due  to  the  large  radiation  losses  on  each  lens,  and  is 
established  certain  repeating  distribution  according  to  the  power 
between  the  modes. 
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4.  Is  carried  out  experimental  check  of  basic  conclusions  of  the 
works.  It  is  shown  that  the  coupling  coefficients  calculated 
according  to  the  obtained  formulas  between  the  modes  coincide  well 
with  the  experiment  even  during  the  displacement  of  the  order  of  a 
radius  of  spot  on  the  lens.  Under  the  condition 

where  n  -  refractive  index  of  dielectric,  »iio  -  the  radiation  losses 
of  wave  TEMt,,  losses  to  the  conversion  into  the  waves  of  high  orders 
virtually  completely  are  compensated  by  artificial  shift/shear. 
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Page  240. 

i 

Geometric  optics  of  open  resonators. 

V.  P.  Bykov. 

In  the  report  is  developed  the  geometric  method  of  the  study  of 
the  open  resonators.  It  is  shown  that  during  certain  modification 
this  method  makes  it  possible  to  obtain  the  natural  frequencies  of 
oscillation  and  the  position  of  the  caustic  surfaces,  which 
correspond  to  these  oscillations. 

Is  studied  the  propagation  of  rays/beams  in  the  mirror  general 
ellipsoid  and  it  is  shown  that  the  caustic  surfaces  of  the  families 
of  rays/beams  in  it  are  the  surfaces  of  the  second  order,  confocal  to 
mirror  ellipsoid.  Is  given  the  classification  of  the  natural 
oscillations  of  mirror  ellipsoid. 

In  all  are  four  vibration  modes.  Two  of  them  (developing  in  the 
barrel-shaped  resonators),  actually,  relate  to  the  oscillations  of 
so-called  "of  that  whispering  of  galleries",  by  studied  Rayleigh. 
Remaining  two  are  of  greatest  interest  for  studying  the  oscillations 
in  the  gas  quantum  generators. 
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Along  some  lines,  which  lie  on  the  caustic  surfaces,  the 
propagation  of  the  wave  front  occurs  at  speed,  equal  to  the  speed  of 
light  in  the  vacuum.  Such  lines  are  the  intersections  of  caustic 
surfaces  and  the  geodetic,  concerning  intersections.  For  the 
steady-state  oscillations  it  is  necessary  that  the' wave  front,  which 
extends  on  one  of  the  paths,  would  lag  behind  the  front,  which 
extends  on  another  path,  to  the  integer  of  wavelengths.  This 
requirement  makes  it  possible  to  write  three  quantum  conditions,  that 
are  determining  natural  frequencies  and  position  of  the  caustic 
curves  of  natural  oscillations.  In  this  case  it  is  necessary  to 
consider  "phase  jump  on  the  caustic*. 


In  the  ellipsoidal  coordinate  system  quantum  conditions  take  the 
following  form: 


* 


(•l  —  ll)  {«!  —  ll)  («»  — 


where  k  -  wave  nximber,  -  first  ellipsoidal  coordinate  X*,  and  X*, 

-  parameters,  which  are  determining  the  position  of  caustic  surfaces, 
L  “  integer. 

For  three  unknowns  k,  X*i  and  X*,,  are  three  quantum  conditions. 
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The  quantvun  conditions  of  different  vibration  inodes  are  distinguished 
by  numerical  factors  in  the  right  side,  integration  limits  and  by 
parameters,  which  are  determining  the  position  of  caustic  surfaces. 

Hyperelliptic  integrals  on  the  left  side  of  the  quantum 
condition  explicitly  are  not  taken.  However,  in  the  specific  cases, 
using  symmetry  of  task  and  these  or  other  physical  simplifications, 
these  integrals  are  reduced  to  the  simpler  and  are  taken  explicitly. 

Since  the  value  of  electromagnetic  field  exponentially  drops 
after  the  caustic  surface,  then,  having  a  little  stepped  back  from 
this  surface,  it  is  possible  to  break  the  mirror  surface  of 
ellipsoid,  as  a  result  of  which  appears  the  open  resonator. 

The  sense  of  transition  to  the  open  resonator  consists  in  the 
fact  that  in  this  case  are  suppressed  all  vibration  modes,  except 
those  chosen.  This  fact  is  very  important,  since  the  density  of 
oscillations  in  the  locked  ellipsoid  is  very  great  at  wavelengths 
much  smaller  sizes/dimensions  of  resonator. 

Page  241. 

Work  examines  the  following  specific  cases;  1)  the  oscillation 
between  two  spherical  mirrors,  2)  the  oscillation  between  two 


DOC  «  82036016 


PAGE 


spherical  mirrors  in  the  presence  between  them  of  two  inclined 
plane-parallel  plates  (Brewster's  so-called  windows),  3)  oscillation 
in  t’  e  barrel-shaped  resonators.  In  the  first  and  third  cases  are 
obtained  the  simple  formulas,  which  are  determining  frequencies  and 
position  of  caustic  curves.  The  second  case  is  interesting  in  that 
small  disturbance/perturbation,  introduced  by  plane-parallel  plates, 
causes  a  qualitative  change  in  the  vibration  mode. 

The  geometric  method,  developed  in  the  present  work  possesses 
large  simplicity  and  clarity.  It  supplements  well  wave  approach, 
permitting  for  more  bending  to  use  its  results. 
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A  statistical  analysis  of  the  process  of  the  propagation  of  beam  in  a 
weakly  deformed  circular  metal  tube. 

V.  A.  Zyatitskiy,  B.  Z.  Katsenelenbaum. 

1.  Coefficient  of  reflection  of  ray/beam,  which  falls  to 
metallic  surface  at  glancing  angle  and  polarized  so  that  in  parallel 
to  metal,  it  is  very  close  to  unity.  On  this  basis/base  it  was 
proposed  to  transmit  light/world  up  to  the  large  distances  within  the 
circular  metal  tube:  polarized  beam  repeatedly  is  reflected  from  the 
metal  and  covers  considerable  distances  with  the  low  losses. 

In  the  real  duct  of  wall  it  is  slightly  deformed:  normal  to  the 
surface  of  metal  at  different  points  forms  different  angles  with  the 
surface  of  ideal  cylinder.  These  angles  further  are  considered  as  two 
random  functions  of  the  number  of  reflection.  Into  this  diagram  enter 
both  small  and  large  random  deformations  of  surface,  random 
curvatures  with  the  large  radius  of  curvature,  etc.  Entire 
calculation  is  produced  for  one  ray/beam  within  the  limits  of  the 
applicability  of  geometric  optic/optics. 


2.  Comparatively  simply  is  produced  analysis  of  deformations 
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during  which  meridional  (passing  through  axis)  ray/beam  remains 

meridional;  example  to  this  deformation  is  change  in  radius  of  duct 

with  retention/preservation/maintaining  of  straightness  of  axis.  It 

2|i»/o, 

causes  an  increase  in  average  slip  angle:  equal  to  /\  where  c  -  slip 
angle,  n*  -  the  mean  square  of  the  inclination/slope  of 
standard/normal.  This  effect  leads  to  the  increase. in  the  fading, 
connected  with  the  fact  that  with  the  increase/growth  a  is  reduced 
the  reflection  coefficient  and,  furthermore,  is  reduced  the  distance 
between  two  mirror  points.  Fading  at  large  distances  increases  in 
this  case  as  the  cube  of  distance. 

3.  Divergence  of  section  of  duct  from  circle  causes 
departure/attendance  of  ray/beam  from  meridian  plane.  With  each 
reflection  of  helical  (nonmeridian)  ray/beam  occurs  the  energy 
exchange  between  two  polarizations.  This  process  is  described  by  the 
iterative  equations;  T«  +  ?,  rtn* rj 

^  (Pn  »»“*  T,  +  9n  «“*  T»)  ■ 

Here  Pn’^n  -  energy  of  basic  and  parasitic  polarization  after  the  n 
reflection,  '’p  and  '’q  -  coefficients  of  reflection  ('■,<rp)  and  t„  - 
angle  between  the  planes  of  incidence  in  the  n-th  and  (n^l)th 

n 

reflections.  Angle  Tn  randan  variable;  where  v,  -  angle 

between  the  direction  of  normal  to  the  metal  and  the  radius~vector  at 
the  point  of  the  i  reflection.  Equations  (*)  do  not  consider  a  phase 
difference  of  rays/beams,  being  combined  into  one  ray/beam  after 


DOC  >  82036016 


PAGE 


reflection;  analysis  shows  that  this  energy  addition  is  lawful. 

Page  242. 

With  not  very  large  n  and  system  (*)  has  with  p,“l,  q,*0 

a  solution: 

In  p^-^-  -n  III  i  _  nS.  2v»  +  n*A\*,  (**) 

where  is  an  average/mean  value  of  random  variable  vf  and  A(A>0) 
depends  on  relation  First  term  describes  ohmic  fading,  the 

second  -  energy  loss  to  the  transition  into  another  polarization. 
Helical  nature  produces  with  each  reflection  the  energy  loss  of  order 
'fi  (even  if  further  it  follows  the  undeformed  duct),  and  T* 
linearly  increases  with  n  (v,  =  0;7*  =  v*;  viv;  =  o,  i  4=  /;  =  0;  t;  =  4v*n). 

With  this  is  connected  squareness  on  n  of  second  term.  Third 
component/ term/addend  is  caused  by  reverse  process  -  the  transition 
of  energy  from  q-  of  polarization  in  p-  polarization. 

4.  With  large  n  it  is  possible  to  give  only  estimates  of  the 
magnitude  and  .  For  the  complete  statistical  analysis  of 
process  (*)  was  produced  its  imitation  on  computer(s).  As  V{  were 
introduced  the  random  numbers  with  different  values  and  two 
(uniform  and  gaussian)  laws  of  distribution.  Calculation  was  produced 
for  the  series/row  of  values  r„  and  r,  for  initially  polarized 
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p,=l,  q,*0)  and  the  nonpolarized  (p,*l/2,  q,*l/2)  light/world.  Were 
found  averages  ^  and  4;  (averaging  for  each  n  on  hundred 
realizations)  and  dispersion  Pn  and  ?v  is  established/installed  the 
law  of  fading  P,  and  4,  at  the  values  of  the  parameters,  for  which 
(**)  is  already  not  applicable.  It  turned  out  that  the  efficient 
statistical  analysis  of  this  complicated  process,  which  contains 
"accumulation  of  noise"  (t1  ~ «).  requires  relatively  short  machine 
time. 
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Diffractometer  as  instrvunent,  which  uses  phenomenon  of  diffraction 
for  multichannel  spectral  or  correlation  analysis  of  random 
processes . 

A.  A.  Bogdanov,  I.  Ya.  Brusin,  V.  V.  Yemelin,  V.  A.  Zverev,  A.  G. 
Lyubina,  F.  A.  Marcus,  Ye.  Yu.  Salenikovich,  A.  M.  Cheremukhin,  A.  V. 
Shisharin. 

Optical  equipment  makes  it  possible  to  carry  out  both  the 
consecutive  and  parallel  analysis  of  spectra  and  correlation 
functions  of  transparent  structures.  Diffractometer  is  one  of  such 
instruments.  Observing  the  diffraction  pattern  of  Fraunhofer  from 
these  structures  or  their  combinations  it  is  possible  to  obtain  the 
spectra  or  correlation  functions  simultaneously  for  a  large  number  of 
processes,  registered,  for  example,  in  the  different  rows  of 
photographic  film  in  the  form  of  variable/alternating  transparency.  A 
maximum  number  of  simultaneously  working  channels  in  this  case 
depends  on  the  quality  of  optic/optics  and  film.  Instrument  virtually 
can  treat  very  large  quantity  of  information  for  a  comparatively 
small  time,  possessing  in  this  essential  advantage  in  comparison  with 
the  radio  engineering  devices/equipment  and  even  with  TsVM  [liBM- 
digital  computer]. 
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With  the  help  of  the  instrument  it  is  possible  to  also  realize 
distribution  of  signals  and  detection  of  weak  signals  against  the 
background  of  noise.  Resolution  and  dynamic  range,  determined  for  the 
sine  waves,  depend  on  the  size/dimension  of  the  "window*  of  optical 
system  and  quality  of  display  system. 

Page  243. 

Instrument  can  be  used  and  as  the  optimum  matched  filter  for  the 
detection  of  the  signal  of  special  form.  In  this  case  is  used  the 
diffraction  pattern  of  Fresnel. 

Very  essential  for  the  work  of  instrument  proves  to  be  the 
quality  of  film,  on  which  is  produced  the  recording  of  the  analyzed 
signal. 

The  distortions  of  amplitude  and  the  phases  of  light  wave,  which 
appear  after  passage  through  "the  uniform”  lit  film  (the  "noises  of 
film")  limit  both  resolution  and  dynamic  range.  With  the  noises  of 
film  it  is  possible  to  fight,  using  an  immersion. 
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